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Ross Steering is 


Safe Steering 


The exclusive basic design of Ross Cam 
and Lever Steering Gear combines with 


excellence of construction to give a steer- 


ing result that is safe...in all installations 





and at all speeds. Ross Steering is incomparably easy...yet 
it is firm, stable and accurate. Simple adjustments make it pos- 


sible to maintain permanently the original steering qualities. 


ROSS GEAR & TOOL COMPANY LAFAYETTE. INDIANA 


LEVER | 


STEERING 


Ross assures manufacturers, trade and public these distinctive advantages: 


PRODUCT 


The cam and lever design, original and 
exclusive with Ross, makes possible in 
unequalled degree, these superiorities: 


@ EASE... Ross handles even the heav- 
iest steering load with the greatest ease. 


@® RESPONSE... . Ross responds in- 
stantly to the slightest wheel pressure. 


@ STABILITY... Ross is irreversible in 
exactly the right degree —giving a happy 
combination of stability and road-sense. 


@ LONG WEAR... Ross reduces 
parts-wear to a minimum. 


@ ADJUSTMENTS... Ross permits, 
when they are necessary, easier, quicker, 
more accurate adjustments. 


POLICIES 


Ross, as an institution, stands for sound, 
definite policies, asreflectedin its product: 


@ QUALITY... Ross guarantees the 
very best in materials, workmanship, 
engineering and inspection. 


@ SERVICE... Ross manufacturing 
facilities and institutional strength as- 
sure a prompt, dependable, permanent 
source of supply. 


@ DEVELOPMENT... Ross, through 
continuous engineering effort and re- 
search, led its industry to higher stand- 
ards — and still leads. 


@ ADVERTISING... Ross, through 
nearly five years of advertising in_The 
Saturday Evening Post is known, ac- 
cepted, and preferred by car owners. 





Eight Past-Presidents Talk 
at 30th Birthday Party 


(See page 29) 








David Beecroft : 


‘... 1 hope that sporting 
blood will not die out of 
the automobile industry. 
There is nothing closer to 
the public than the auto- 
mobile. Our boys are ach- 
ing for the opportunity to 
revive the reliability runs.” 


W. G. Wall 
the number of ae- 
cidents on the Indianapolis 
Track has been due mostly 
I think—next to the fact 
that the track is slippery 
and is not banked for 
speeds over 90 m.p.h.—to 
broken steering knuckles 

and steering arms.” 





A. J. Seaife 


. | am often asked ‘What about the 
steam car’? That is a long story, but 
recently I have received as many as 
ten letters a month from college stu- 
dents wanting to get all possible in- 

formation on steam cars.” 











T. J. Litle, Jr. 


. the greatest of our inven- 
tions have come from non-tech- 
nical minds . . . almost all of 
our engineers are inventors, 
but all inventors are not engi- 
neers . therefore it is ex- 
tremely important that these 
two groups work together.” 


- 


the automotive industry 
has been the most effective of 
all agencies in creating the 
means of livelihood for sur- 
plus men in a grow- 
ing industrial world.” 


H. C. Dickinson 


B. B. Bachman 


“ in 1910 I attended my first S.A.E. 
summer meeting at the Hotel Tuller 
in Detroit. Since then I have never 
missed one. This is my 25th, so I feel 
justified in welcoming you.” 
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W. B. Stout 


. when we make a 
change in_ transporta- 
tion we affect the prog- 
ress of man more than 
we could in any other 
one way. 


H. W. Alden 


“ 


much real value 
has accrued from the 
warm and hearty coop- 
eration between the 
U. S. Army Ordnance 
Department and_ the 
Society.” 





J. G. Vincent 


. we have all had fun bringing the 
internal combustion engine from one 
cylinder up to its present high devel- 
opment. Some day something probably 
will come along to start us off on a 
new line of thought.” 
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10S.A.E. Activities 


N . - . 
“WHE germ of each of the interests now rec- 
9 ognized as Professional Activities was 





present in the Society from its earliest 
held the 
opinion that the S.A.E. was organized 


days. Some once erroneous 
as a Society devoted exclusively to the 
interests of designers of passenger cars. 
The word automobile in the original 
name, Society of Automobile Engineers, 
was perhaps responsible for this idea, because, later, automo- 
bile came to be used synonymously with the terms, passenger 
car and motor car. But evidence that the founders of the 
Society had broader interests is found in a statement of its 
first president who said: 

“The Society had to make a definition of the meaning of 
the word automobile, which could not be found in the dic- 
tionary. It was finally decided that the word covered any 
self-propelled vehicle running on the land, in or under the 
water, or in the air.” 

Truly the pioneers who organized the S.A.E. built upon 
so broad a foundation that the subsequent growth came, not 
as the result of after-thoughts or accidents, but as the develop- 
ment of their original idea. 

Some of the varied interests, contributing to the Society’s 
progress today, made their presence felt immediately; others 
remained dormant until quickened by circumstance. Each 
group has a history of which it may well be proud. 


Trucks, Buses and Railcars 


Early records show that considerable attention was given 
to heavy vehicles, both trucks and motorcoaches. At meet- 
ings of the Society and of the Sections, not only individual 
papers but entire sessions were devoted to truck and bus 
topics, and at no time was the Standards Committee idle 
with respect to commercial vehicles. In addition, many pa- 
pers which were not distinctly commercial vehicle papers were 
of interest to truck and bus engineers no less than to de- 
signers of passenger cars. For example, “The Economies of 
Weight Reduction” is the title of a paper presented in Janu- 
ary, 1909, and the author made it clear that he was consider- 
ing the subject from the viewpoint of commercial as well as 
pleasure vehicles. At times a new topic would be introduced 
by some expression to the effect that in the pleasure car field 
there is no great demand for an investigation of this matter 
but that it is very necessary from the viewpoint of the com- 
mercial vehicle. 

For an appreciable time, it seemed easier to build trucks 
or buses than to know what to call them. In 1910, one mem- 
ber wished that someone would suggest a good term for the 
commercial truck or wagon. “I am opposed to calling it 
freight wagon”, he said; adding that he would like to see it 


called “industrial vehicle”, “industrial car”, or “industrial 
automobile”. Before long, however, “motor truck” became 
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the generally accepted term; but the bus people were less 
fortunate in settling their nomenclature problem. In 1913, 
visiting British engineers spoke of the “motor omnibus’, but 
this name, apparently, did not suit American engineers. Some 
called the vehicle a motorbus; others were contented to use 
the monosyllable, bus. In 1924, the S.A.E. Journat referred 
to this type of vehicle as “the motorbus, or motorcoach, to 
When the Ac- 
tivity was established at the time of the revision of the 
Society constitution in 1929, it was called Motor Truck and 


Motorcoach Activity; but when, subsequently, the name of 


use a term that is being more widely used.” 


the Activity. was changed, “motorcoach” disappeared and 
“bus” took its place. 

As for railcars, one of the founder members was already 
studying them before the S.A.E. was organized, and his 
interest was reflected to some extent in the programs of the 
Society. When the Motor Truck and Motorcoach Activity 
was formed in 1929, the attention devoted to railcar topics 
seemed insufficient to warrant representation on the Council; 
but in August, 1933, recommendations from several sources 
urged that the Society. recognize the automotive engineering 
aspects of railcar problems by establishing a Railcar Profes- 
sional Activity. 
the Motor Truck and Motorcoach Activity be enlarged in its 


One of these suggestions recommended that 
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Where They Started 
—and How They Grew 








scope and renamed to include railcar work. Accordingly, the 
Council on Aug. 27, 1933, voted that steps be taken toward 
the inclusion of railcar work in the Motor Truck and Motor 
coach Activity, accompanied by a suitable change in name. 


Transportation and Maintenance 


Consideration of the operation as well as of the design of 
heavy vehicles goes far back into the pioneer days of the 
S.A.E. As early as 1910, a member presented a paper on 
Motor Trucks for Railroad Service, in which he discoursed 
fluently about less-than-carload lots and store-door-delivery. 
In 1912, a speaker gave a paper on “Cost of Work with 
Gasoline Motor Trucks”, introducing it with the following 
words: “The graphic charts of actual costs of operation, and 
cost per ton-mile of work of motor trucks, which I present 
herewith, are merely a tabulation, for convenient reference 
and study, of trucking economy under varying conditions of 
loads and mileage.” 

And in 1913, a member of the Council of the Institution of 
Automobile Engineers, visiting in this country, presented a 
paper on “Calculating Depreciation of Commercial Automo- 
biles”, in which he said in part: “If exception be taken to this 
paper on the ground that the subject treated is more of a com- 
mercial than of an engineering character, I would point out 
that the scientific keeping of accounts connected with auto- 
bile production and the running of automobiles is of vast 
importance, and necessitates expert engineering advice in 
nearly all departments. In fact, the engineering head must 
not only know what cost he is ‘up against’ on the score of 
depreciation, but he must have a big voice in the determina- 
tion of the governing factors.” 

Interest in this end of the work continued to grow, and a 
presidential address in 1919 includes the statement: “The 
work of the automotive engineer is not finished, but merely 
begun, when the machines are designed and built, whether 
they be motor trucks, tractors, aircraft or other vehicles. There 
is more need today for real engineering work in connection 
with the planning and organization of the operating end of 
automotive vehicles and machines than there is in connection 
with the design and construction of them.” And this same 
president in a later address, commenting on the engineering 
work needed “in developing systems of operation and repair 
and the collection of data in connection therewith”, affirmed 
that “this work, including that of transportation engineering, 
is beyond all question that of the automotive engineer.” 

At the 1921 Annual Meeting, the president-elect said: “To 
the problems of design and production we have added today 
that of maintenance, because we must not forget that we have 
9,000,000 motor vehicles in the different countries of the 
world, and that it is just as essential that they be kept at a 
standard of efficient operation and scientific application as it 
is that we go on building more. I feel that the Society must 
give more attention to that aspect of the work.” 

During this president’s term of office a meeting held in 


S.A.E. founders, 30 years ago, con- 
ceived a Society whose activities would 
touch upon all forms of transportation 
using the internal combustion engine. 


Some of the interests involved in the 
Society's progress today made their pres- 
ence felt immediately; others remained 
dormant until quickened by circum- 
stance. 


Each group has a history of which it 
may well be proud. 


* * *K 





Chicago, Feb. 2, 1921, was mentioned in the Journat, the 
following month, as “the occasion of the first national ses- 
sions devoted to the operation and maintenance of automo- 
tive apparatus from an engineering standpoint.” 

The president next in office, speaking of the large field 
upon which the Society may draw for its membership, men- 
tioned, “finally, but by no means least, the man who is skilled 
and is competent by training and experience in the main- 
tenance and operation of the apparatus that the industry 
manufactures.” 

An item in Chronicle and Comment, in March, 1923, 
stressed the importance and remarked upon the qualifications 
of “a new type of engineer—the motor-transport expert, versed 
not only in the construction of motor-vehicles, but possessing 
a full knowledge of how they should be operated and main- 
tained to secure from them the maximum of efficiency.” The 
same item continues: “Automotive engineers must turn their 
attention toward the operating end of the business. . . . It 
seems logical for the Society to become active along automo- 
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tive transportation lines, especially in exerting its influence 
to promote an intensive cooperative study of motor-vehicle 
operation and its problems.” 

Further, the JourNAL announcement of the Automotive 
Transportation Meeting, held in the fall of 1924, says: “Al- 
though design points will be considered to some extent, 
emphasis will be laid on the operation and maintenance of 
the motorbus, motor truck and railcar.” 

The meeting just mentioned was the second S.A.E. Auto 
motive Transportation Meeting, the first having been held in 
1923. To date the Society has staged ten such meetings, and 
the transportation and maintenance engineers are always well 
represented on the Annual and Semi-Annual Meeting pro- 
grams. In addition, their problems have been often and 
thoroughly discussed at meetings of local Sections; and a 
Transportation and Maintenance Division of the Metropolitan 
Section was authorized by the Council in September, 1934. 

Although operation and maintenance men were represented 
on the membership rolls of the Society from the early days, 
it was not until 1925 that this field was mentioned specifically 
in the Constitution. At the 1924 Summer Meeting, an 
amendment was submitted, the purpose of which, as stated 
in the July, 1924, JouRNaL, was “to clarify the wording of the 
Constitution with regard to the status of men who are en- 
gaged in the operation of automotive-vehicle fleets and also 
that of service-men, so far as their being welcome as members 
of the Society and the grades of membership to which they 
are entitled are concerned.” This amendment, proposed at the 
1924 Summer Meeting and discussed at the 1925 Annual 
Meeting, was submitted to letter ballot on Jan. 31, 1925, and 
adopted on March 18 of that year. 

The movement to include on the Council a Vice-President 
representing the transportation and maintenance field was 
initiated in the spring of 1923 when a Past-President, who 
had consistently shown a marked interest in the transporta- 
tion and maintenance phase of the Society’s work, brought be- 
fore the Council “the desirability of establishing a division of 
transportation, with a Second Vice-President representing fleet 
and similar operators.’ It was pointed out that the Constitu- 
tion would have to be amended to provide for the election of 
such a vice-president and, after some discussion, the matter 
was dropped, for the time being. 


In 1925, the Nominating Committee made a recommenda 
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ROM the standpoint of constitutional 
organization, the history of the Society 
divides itself into three major periods. 


In the very beginning of the Society, 
there was a form of organization which in- 
volved the following officers: president, first 
vice-president, second vice-president, trea- 
surer, and six councilors, all of whom rep- 
resented the Society in general. 


This form persisted until 1916 when 
allied societies, representing the aeronautic, 
marine, tractor and stationary gas-engine 
fields, were amalgamated with the Society 
of Automobile Engineers, with a consequent 
change of name to Society of Automotive 
Engineers, Inc. The organization plan was 
then changed to include five second vice- 
presidents representing, respectively, motor 
car, tractor, aeronautic, marine and station- 
ary internal combustion engineering. 


The next major change in organization 
occurred in 1929 when the first vice-presi- 
dency and the five second vice-presidencies 
were discontinued, and eight vice-presiden- 
cies were established in order to make the 
Council more representative of the differ- 
ent divisions of automotive engineering. 
The number of vice-presidencies was later 
increased by two, and the ten vice-presi- 
dents now serving on the Council represent 
the following professsional interests: air- 
craft; aircraft engines; Diesel engines; fuels 
and lubricants; passenger cars; passenger 
car bodies; production; tractors and indus- 
trial power equipment; transportation and 
maintenance; and trucks, buses and railcars. 


Transportation 
























and Maintenance 





ice 


tion similar to the one just quoted, but no action was iaken 
with regard to it. 

At the business session of the Annual Meeting in January, 
1926, a member, active in the operation and maintenance 
field, proposed that the Constitution of the Society be 
amended so as to substitute for the Second Vice-Presidency 
representing Stationary Internal Combustion Engineering a 
Second Vice-Presidency representing Operation and Main- 
tenance Engineering. Later, through the medium of the 
JournaL, the amendment was brought before the members 
who were invited to offer comments. 

The outcome, however, was neither adoption nor rejection. 
At the Summer Meeting, the member who had originally 
moved the amendment explained that the Constitution Com- 
mittee planned to review the entire Constitution with a view 
to its amendment as regards representation on the Council, 
and therefore he withdrew his motion for the proposed amend- 
ment at this time. This motion of withdrawal was seconded 
and carried. 

Members were encouraged to write to the Constitution 
Committee, setting forth their views for the guidance of the 
Committee, and several suggestions which were received were 
summarized in the March, 1927, issue of the JourNAL and an 
invitation was extended to the members to offer comments 
or additional proposals; but in May of that year the Constitu- 
tion Committee presented its view to the Council that “con- 
sidering the lack of interest on the part of the members in 
general with regard to amendments relating to the Second 
Vice-Presidencies so far as representation of various automo- 
tive fields is concerned, it would be unwise to propose any 
further amendment in the connection at this time.” 

Nevertheless, later in 1927, the Nominating Committee 
recommended to the Council that serious consideration be 
given to some plan of reorganization. Although no action 
was taken at the time, a conference at the 1928 Summer Meet 
ing resulted in the appointment of a committee to study the 
question of divisional reorganization. The committee met 
twice, and at the Annual Business meeting in January, 1929, 
the proposed Constitutional amendments were presented, 
which were designed to effect the changes contemplated by 
the Reorganization Committee. In due course, the proposed 
amendments were adopted and on Aug. 16, 1929, the Council 
granted formal recognition to eight Professional Activities, 
one of which was devoted to the interests of transportation and 
maintenance engineers. 


Aircraft and Aircraft-Engines 


The S.A.E. was air-minded from the start, because the 
founders of the Society in defining the word automobile made 


Aircraft and Aircraft-Engines 


it applicable not only to land and water but to air vehicles 
as well. The first official notice of aeronautics in the publica- 
tions of the Society is found in the Transactions for the year 
igtt, wherein the Society was urged to start a branch along 
the lines of airplane construction. Apparently the time was 
not ripe for starting an aeronautic section just then, for it 
was not until 1916, at the time of the amalgamation with the 
Society of Aeronautical Engineers, that the Aircraft Engine 
Division of the Standards Committee was formed, being fol- 
lowed by the establishment of the Aircraft Division the next 
year. 

A year before the aeronautical engineers merged with the 
S.A.E., a paper on “Aeronautical Engines” was presented at 
the 1915 Summer Meeting. The following year, three aero- 
nautic papers were presented; and, since that time, some phase 
of aeronautic work has been discussed at practically every 
Annual and Semi-Annual Meeting of the Society. 

The Sections too have been alive to the technical and the 
popular appeal of aeronautic sessions, and the number of 
Section meetings devoted to this branch of engineering is al- 
most literally beyond count. Four Sections have given more 
specific recognition to the importance of the field by organiz- 
ing local aeronautic divisions. The first of these was estab- 
lished by the Detroit Section in February, 1928. Between 
that date and May, 1929, similar divisions became, in the 
order mentioned, a part of the Metropolitan, Chicago and 
Southern California Sections. 

Twenty-three Aeronautic Meetings have been staged by 
the parent Society. The first was held in February, 1917, 
in connection with the Aeronautic Show, in New York City, 
which has subsequently been host to a number of the Society's 
Aeronautic Meetings. Other sites for the aeronautic gather- 
ings of the Society include Chicago, Cleveland, Dayton, De- 
troit, Los Angeles, Philadelphia, St. Louis and Spokane. 

Old-timers will recall that it was in 1916, when the Aero- 
nautic ,Engineers, the Tractor Engineers and others joined 
forces with the S.A.E., that the word automotive was sub- 
stituted for automobile in the Society’s name. The records 
show that it was largely because of the insistence of the aero- 
nautic men that the change was made. Automobile, which 
had been so all-inclusive a term when the first President and 
his colleagues defined it, had gradually narrowed with the 
passage of years until it no longer seemed broad enough to 
cover the widespread and varied projects of the Society. And 
so a new word was launched on its career; and, since 1916, 
the S.A.E., in name and in scope, has been “automotive”. 

In 1929, when the Society was reorganized on a divisional 
basis and the Council gave formal recognition to eight Pro- 
fessional Activities, two of these Activities were devoted to 
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the interests of the aeronautic members; and since that date 
the Aircraft Activity and the Aircraft Engine Activity have 
been important factors in the work of the Society. 


Production 


Questions of production have been of vital importance from 
the early days of the industry, and the Society’s appreciation 
of their importance is reflected in the published records. In 
1910, a paper presented under the title, “Cork Inserts as Ap 
plied to Machinery Used in the Manufacture of Motor Ve 
hicles”, was addressed primarily to “such engineers, mechani 
cal superintendents and others as are directly connected with 
the daily output of motor cars and the economical operation 
of the ractory , 

A year later, in the presidential address, the following state 
ment occurs: “There are many of our members having good 
knowledge of shop management, of costs and labor-saving 
devices. If they will write upon these subjects, the whole 
industry will be benefited. Such information is just as valu 
able in its way as the more theoretical information of the 
electrician and the motor engineer.” 

Production papers were presented from time to time at 
Society and Section meetings, and in 1922 a general meeting 
of the Society was devoted for the first time entirely to pro 
duction topics. 

A few months later, at the 1922 Annual Dinner, the 
Society's President-elect expressed his belief “that too much 
emphasis has been placed on the engineering side of the work 
and that efforts should be made to bring the engineering and 
production sections into closer relation.” 

The second general Production Meeting was held in Octo 
ber, 1923; and in Chronicle and Comment, the next month, 
the following item appeared: “The Production Meeting is now 
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Production 


an established institution and will be included permanently in 
In addition, 
several of the Sections are devoting a part of their meetings 


the meetings activities of the parent Society. 


to production matters. The Detroit Section has announced the 
scheduling of two monthly meetings in the future, one of 
which will treat manufacturing problems exclusively. Thus 
we proceed to the inevitable ideal of true cooperation between 
the designer and the constructor.” 

In 1935, the Production Meeting is more than ever “an 
established institution”, one such meeting having been spon- 
Nor have 
the Sections been indifferent to the advantages to be derived 


sored by the Parent Society each year since 1922. 


from the holding of local meetings devoted to a discussion of 
production problems. Indicative of such interest on the part 
of the Sections was the forming of a local Production Di- 
vision of the Detroit Section in 1932. 

More direct representation on the Council was first urged 
in 1925, when the Nominating Committee, in a recommenda- 
tion to the Council, expressed the opinion that “the operation 
end and the production end of the industry should be recog- 
nized, either by the addition of vice-presidents representing 
these branches, or the substitution of these for those now so 
recognized.” Although no definite action resulted at the time, 
an increasing interest in production men and their problems 
was evidenced by the forming of a Production Division of the 
Standards Committee in October, 1925; and, when the di- 
visional reorganization took place in 1929, it was a foregone 
conclusion that production should be recognized as one of the 
Professional Activities of the Society. 


Diesel Engine 


The Diesel-Engine Activity is so outstanding an element in 
the Society's work nowadays that it is difficult to realize that 
the first reference to the Diesel engine in S.A.E. records reads 
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as follows: “That engine has not proved a very practical en- 
gine; no particular use, [ think, for motor cars. But it has 
a high thermal efficiency and is-perhaps practically about the 
limit which we may ever expect to reach with oil as a fuel.” 

That was in 1909, and apparently no more notice was taken 
of the Diesel engine until 1913, when it was mentioned in a 
paper on “Kerosene Engines.” 

Three years later, the Council considered the advisability 
of the Society’s gathering and disseminating pertinent informa- 
tion to S.A.E. members “for the purpose of developing a bet- 
ter Diesel engine.” After some discussion of the advantages 
and disadvantages of the Diesel engine, the opinion was ex- 
pressed that “it is not impossible that the Diesel engine will 
eventually be the universal internal combustion power pro- 
ducer.” 

In May, 1917, the Metropolitan Section was considering 
“engines that will burn the fuel that we may have to use”; 
and Diesel engines were discussed in this connection. Like 
the paper just mentioned, a number of early Diesel engine 
papers presented before the Society had as their keynote the 
allegedly diminishing supply of gasoline and the part that the 
Diesel engine would play in alleviating what seemed to many 
engineers a most distressing situation. 

Several Diesel engine papers were presented at Society and 
Section meetings in 1rg18, and since then the topic has re 
ceived its full share of attention on S.A.E. programs. A 


Diesel Engine Division of the Standards Committee was estab- 


lished early in 1930; and Diesel engine engineering, recog 
nized as a Professional Activity of the Society in 1929, con- 
tinues to play an important role on the S.A.E. stage. 


Fuels and 


Lubricants 





Diesel Engine 


Fuels and Lubricants 


Fuels and lubricants have had a checkered career in the 
Society. Recognition of a Fuels and Lubricants Professional 
Activity in January, 1933, was preceded by about twenty-five 
years of discussion of both fuels and lubricants. 

In 1907, engineers began to be worried about fuels be- 
cause, they said, there isn’t enough gasoline to go round, and 
what are we going to do when the supply gives out? In that 
year, the Society listened to a paper on “Alcohol as a Fuel for 
the Automobile Motor”. The author introduced his paper 
by saying: “Gasoline is the by-product of a geographically 
limited and monopolistically controlled industry, and there are 
reasons to believe that the available supply is more than mort- 
gaged by a world-size and growing demand. Alcohol is, one 
might say, the product of the four seasons. It can be manu- 
factured from any vegetable substance which contains sugar 
or some material like starch, which is easily convertible into 
sugar.” 

That same year, the engineers were becoming lubricant 
conscious, one of them observing plaintively: “An impression 
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that ball bearings will operate without lubricant is more gen 
eral than one might think.” Since those early days, whenever 
two or three automotive engineers have gathered together, 
they have had something to say about fuels or lubricants or 
both, and many papers at S.A.E. meetings have been devoted 
to one or both of these topics. 

In 1913, the Council apparently decided that the Society 
really ought to do something about fuels, and so a fuel com- 
mittee was appointed to function not as an independent unit 
but as a subcommittee of the Miscellaneous Division of the 
Standards Committee. Apparently, the subcommittee did not 
function very long, because a few months later we find a 
member suggesting that a committee be appointed to take up 
the question of fuel, and the president replied: “We did have 
a fuel committee, last year, a subcommitee of the Miscel- 
laneous Division, to take up this matter; but it appeared to be 
so large a subject that the committee, with the meager facili- 
ties at hand, did not get very far.” 

In February, 1916, “it was understood that the Chairman 
of the Standards Committee would make recommendation at 
a later date with regard to a Division to be named Fuel and 
Lubricants Division.” But progress must have been slow, 
because ten months later we find discussion of “the feasibility 
of establishing a lubricating oil division of the Standards Com- 
mittee.” 

During 1917, the question of establishing a Fuel and 
Lubricants Division was brought up at a number of Council 
meetings and was tabled until September of that year when 
such a Division was actually established, only to be discon- 
tinued in April, 1919. 

About this time, research work was getting under way, 
and fuels were receiving considerable attention from the re 
search engineers. The Fuel and Lubricants Division, discon- 
tinued in 1919, was never revived in its original form. When 
it was re-established, the following year, the fuel part of it 
was receiving attention elsewhere, but in May, 1920, the 
Council voted to establish a Lubricants Division of the Stand- 
ards Committee. 

Early discussions of fuel were predicated upon the idea, 
mentioned above, that the gasoline supply would soon be ex 
hausted. A paper on kerosene engines, presented in 1913, 
announced: “The power-driven vehicle can no longer depend 


on its present fuel. The demand for gasoline has overtaken 


its production.” Some engineers advocated alcohol as a sub- 
stitute; others favored kerosene. 

In that same year, a member said: “Nothing can be of more 
importance to the automobile industry as a whole body today 
than this same fuel question.” 

And several months later, this member, after reterring to 
the “stringency of the fuel market”, said: “There is good rea 
son to hope that the fuel difficulty may be relieved in large 
degree by cooperation between the automobile maker and 
the refiner.” 

At intervals, the S.A.E. was told that the fuel situation was 
hopeless; or that it was bad but not hopeless; and one speaker, 
in 1918, said: “The present fuel situation, in spite of the fact 
that gasoline is high in price and relatively low in volatility, 
is good.” Increasingly the opinion was voiced that the prob 
lem would yield only to cooperative effort; or, as it was 
expressed in a paper at the 1919 Annual Meeting by the 
president then retiring from office, “by the oil and engine peo 
ple and everyone else working together.” 

Sessions devoted to fuels and lubricants topics were spon 
sored by the Research Committee during the period between 
1929 and 1933, when there was no recognized Professional 
Activity to represent this important group. 

Initial steps leading to the formation of the Fuels and 
Lubricants Activity were taken in September, 1932, when a 
petition was drawn up and signatures obtained. At the An 
nual Meeting in January, 1933, the announcement was made 
that the Council had approved the formation of a new ac 
tivity to be called the Fuels and Lubricants Activity. 


Tractors and Industrial Power Equipment 


On March 14, 1935, the Council authorized the establish 
ment of a Professional Activity in the Society to be known 
as the Tractor and Industrial Power Equipment Activity. 
Readers will recall that a Vice-President representing Tractor 
Engineering had a place on the S.A.E. Council from 1916, 
when the Society of Tractor Engineers merged with the 
S.A.E., until 1929, when the Society was reorganized on a di 
visional basis. At the time of the reorganization, the interest 
in tractor matters seemed not to justify the recognition of a 
Professional Activity devoted to tractor questions; but later 
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the tractor engineers in the Society again made themselves 
felt to such a degree that the authorization of a Tractor Ac 
tivity seemed inevitable, and the group has taken its place 
as one of the most outstanding Activities in the Society. 

Even before the amalgamation with the tractor engineers in 
1916, papers on tractors had been presented at S.A.E. meet 
ings; and, immediately after the establishment of the Second 
Vice-Presidency representing Tractor Engineering, increased 
attention was devoted to this branch of the Society’s work. 
One of the first specialized meetings ever held by the Society 
was a Tractor Meeting, at Kansas City, Mo., in February, 
1917, and other meetings dealing with this topic were held 
in subsequent years. 

The recrudescence of interest in tractors as a factor in 
S.A.E. work occurred in 1933 when the Council, at its meet 
ing on Aug. 31, received a petition for the recognition of a 
Tractor Professional Activity. In accordance with the vote 
of the Council, the President appointed a committee of tractor 
engincers, and the newly formed committee held its organiza 
tion meeting on Dec. 7, 1933. In January, 1934, during the 
Annual Meeting, the Agricultural and Industrial Tractor Com 
mittee met again and laid plans for the ensuing year which 
resulted in two successful tractor meetings, one held in April 
and one in December. 

The success of these meetings, from the viewpoints of at 
tendance, program and enthusiasm, led the Council, at its 
meeting on March 14, 1935, to consider favorably the petition 
for recognition of the Tractor and Industrial Power Equip- 
ment Activity, which promptly took its place among the other 
Professional Activities. 


Marine Engineering 


Though not recognized as one of the ten Professional Ac- 
tivities of the Society at the time of the reorganization in 
1929, because the Council felt that the time was not ripe 
for such recognition, marine engineering has occupied a place 
on S.A.E. programs almost since the beginning of the Society. 
Marine engines were mentioned in 1907 in a paper on the 
Carbureter and Its Functions, and motorboat papers have ap- 
peared on the Society's programs from time to time. In 1917, 
a Motor Boat and Marine Engine Division of the Standards 
Committee was formed, and from 1917 to 1929, the Council 
included a Vice-President representing Motor Boat Engineer- 
ing. 

The Metropolitan Section has sponsored a number of Motor- 
boat Meetings in recent years, and the Section’s interest in this 
held led to the forming of a Marine Division of the Metropoli 
tan Section in 1932. In February, 1935, however, the Section 
considered it inadvisable to continue the Marine Division and 
asked the Council to relieve them of further responsibility in 
this regard. 

The first S.A.E. meeting devoted exclusively to motorboats 
was held in 1918. Thirteen motorboat meetings have been 
staged by the parent Society since that time, and a number of 
meetings in this field have been held by local Sections. 


Passenger-Car Bodies 


For some years after the founding of the Society, car bodies 
were more or less taken for granted. As someone has said: 
“The early problem was to get the car to run; later, it be- 
came a problem to get it to stop.” And while methods of 
“making it run” and “making it stop” were being discussed 
and considered, the body was somewhat neglected. To be 
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Passenger-Car Bodies 


sure, as early as rgo8, a paper on “Usually Unobserved Refine 
ments of Automobile Construction” had briefly mentioned 
bodies; but it was not until 1914 that the subject came in 
for any extended discussion. In that year, a speaker talked 
on “Tendencies in Body Design”, saying among other things: 

“I believe that within a season or two a practical design for 
folding the top into the body will appear; the top being en- 


tirely out of sight when down. . . . There is undoubtedly a 
great demand for closed cars. . . . Present tendencies in body 
design are toward the streamline type. . . . The owner of the 


future will demand a car that will be comfortable to ride in 
at all seasons, that can be changed from open to closed with 
the minimum of time and trouble and in which all accessories 
and spare parts will be covered and protected and easily kept 
clean. Bodies will look odd to us as we experience the evolu- 
tion; first, the concealment of the extra tires, then perhaps 
the elimination of the usual folded top, then non-projecting 
lamps, etc. Finally we will wonder why we formerly covered 
a car with so many trappings.” 

Since the paper just mentioned, body problems have oc- 
cupied a prominent place on the programs of the parent 
Society and of the Sections, and many papers of intense in 
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terest, not only to body engineers but to the general member- 
ship of the Society, have been presented. 

The earliest indication of a desire to modify the plan of 
organization established in 1916 came from the body engi 
neers. According to the minutes of a Council meeting held 
on Dec. 5, 1922, a communication was received from a mem- 


ber who suggested an additional officer 


a vice-president to 
After some discussion at the 
Council meeting on Jan. 8, 1923, the General Manager was 


instructed to advise the member “that it is the sense of the 


represent body engineering. 


Council that the activities in question are properly provided 
for in the carrying on of technical sessions on body engineer 
ing, and the publishing of papers in the JourNat, and that the 
creation of additional officers is not conducive to the best 
interest of the Society.” 

About five years later, according to the statements of two 
members in the body engineering field, the mid-west section 
of the alumni association of a well-known school for body 


Passenger Car 
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designers and engineers had as their guest a prominent mem- 
ber of the S.A.E. who was so struck with the enthusiasm of 
this group that he encouraged the formation ot a Body Di 
vision in the Detroit Section. Accordingly, this Division was 
formed on Feb. 13, 1928, and the establishing of such a Di 
vision seems to have added its share of weight to the pressure 
that was being brought to bear for constitutional amendments 
to provide for reorganization of the Society on the basis of 
professional interests. 


4 
assenger Car 
From the very first meeting of the Society, passenger car 
topics occupied an important place in the deliberations of the 
members. It is interesting to note, however, that for a long 
time there was considerable indecision as to what to call the 
passenger car. “Automobile”? No, because in the early days 
“automobile” was an adjective usually employed to modify 
the noun, “vehicle”; and “automobile vehicle” could mean a 
truck or a bus or a tractor, for that matter, just as easily as it 
“Motor car” 


a solution, but some of the earlier automotive engineers ob- 


could mean a passenger car. seemed to offer 
jected to the word “car”, explaining that cars for many, many 
years had designated something that runs on rails, such as 
“Machine” was the 
layman's word for it at about that time; but the engineer dis- 


street cars, horse cars, steam cars, etc. 


dained this term, probably as being too loose or inaccurate; 
and so he began to use the expression which later he was 
to disclaim most emphatically, namely, pleasure car. 

So “pleasure car” it was for a number of years, until sud- 
denly the automotive engineer found himself very much 
discontented with the term. The chief reason for his discon- 
tent may be seen from reading the following paragraph from 
the discussion of a paper presented in 1914, entitled “An 
Engineering Basis for Motor Vehicles”. One 
of the most loyal and interested of S.A.E. members, a truck 
“The 


tendency of legislatures is to tax luxuries rather than com- 


Taxation of 
man, contributed the following to the discussion: 
modities. I doubt very much if it is wise or practicable to 
tax trucks according to a mathematical formula that is con- 
sistent with a tax on pleasure vehicles. The tax on a truck 
becomes eventually a tax on commodities, because the cost of 
It seems to 
me that there will be an increasing tendency to relieve the 


commodities includes the cost of transportation. 


commercial vehicle from taxation and put the taxation on the 
pleasure vehicle, which is more or less of a luxury. Personally 
[ am in favor of that.” 

For some time afterward, the passenger car engineer spent 
a good deal of his energy explaining that “pleasure car” was 
not an accurately descriptive name for his vehicle; and after 
some time the term, “passenger car”, came into general use. 

Passenger car history for thirty years is the history of the 
arguments that have taken place at S.A.E. meetings. It is no 
exaggeration to say that every feature of the present-day car, 
every part that goes into the passenger car of today, has been 
a subject for debate at some time in the past. Every di- 
iension, every part, every fitting, every refinement, every 
change in design, every device intended to improve the car, 
has been contested, so that the car of today is the sum total of 
what survived thirty years of fierce argument. 

“It is only by making our Society represent every phase of 
the engineering end of the industry, and of the allied in- 
dustries, that we can hope to accomplish the real work which 
we are undertaking.” Spoken twenty-five years ago by the 
man who was at that time president of the S.A.E., these 
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words indicate the representative nature of the Society which 
today finds expression, in great part, through the agency of 
the ten’ Professional Activities. 

Nine years later, another president, characterizing the So- 
ciety as “the concrete expression of the wonderful spirit of 
cooperation that exists among the members of this busy branch 
of the engineering profession”, stressed the essential element 
of the Society’s success. The high standing enjoyed by the 
Society is due to the countless numbers of individual mem- 


bers who have given to the Society so much unselfish coopera- 
tive effort, enabling the S.A.E. to render that service which 
the world has come to expect of it. And in giving of their 
time, their ability and their energy, they have endowed the 
S.A.E. with a personality, which is the synthesis of the per- 
sonalities and efforts of these men who, being collectively re- 
sponsible for S.A.E. achievement and accomplishment, have 
made and kept the Society virile, vigorous, clear-thinking, for- 
ward-looking, courageous and progressive. 


Publications Approach Societys Age 


Ae the Society passes its thirtieth milestone, attention is 
focused again on its publications, which for three decades 
have necessarily been the chief source of contact with scattered 
groups of our members. In the flood of congratulatory mes- 
sages from overseas members felicitating the Society on the 
attainment of its thirtieth year of active operation, the publica- 
tions have received their full share of praise. Typical of these 
comments is one from A. H. Roy Fedden, chief engineer of 
the Bristol Aeroplane Co., Ltd. He writes: “Especially do 
I wish to congratulate you on the S.A.E. Journat which I 
always read with interest, and which I consider is a unique 
publication, covering a remarkably wide field and unsurpassed 
by anything of its kind throughout the engineering world.” 

Comment of a slightly different tone comes from John V. 
Pugh, chairman of directors, Charles H. Pugh, Ltd., Birming- 
ham, England. As a foreign member of the Society of twenty- 
eight years standing Mr. Pugh writes: “I know you best 
through your excellent Journat. It is well written, topical, 
and full of local allusions which, if I do not understand them, 
convey an atmosphere of reality. All that is good, but what is 
better is that your JourNaL has data accurate, well documented 
and up-to date.” 

In 1906 publication was begun of the TraNnsacTIONs OF 
THE Society OF AUTOMOBILE ENGINEERS which, considering 
that the Society was less than a year old at the time was a 
remarkable achievement. Publication was intermittent at 
first but it was not long before the Transactions were issued 
in a yearly volume. The bound volumes of Transactions for 
the last twenty-nine years furnish an invaluable reference 
source not duplicated anywhere in the world for the investiga- 
tion of design, research, experimentation and tests on auto- 
motive and allied subjects. In 1911 the activities of the 
Society had become so numerous that the need was felt of 
reporting them regularly and frequently for the information 
to all members. The S.A.E. Butvetin launched in April of 
1911 fulfilled adequately this need and is now remembered 
affectionately as the ancestor of the present S.A.E. Journat. 

The first number of the JourNAL oF THE SoclETY oF AUTO- 
MOTIVE ENGINEERS succeeded the BuLLETIN in 1917. It was 
the present size of the S.A.E. Journat, and Volume 1 con- 
tained about 400 pages of text, from that time until the 
present, the JourNaL has been improved continuously by all 
the means available to the Society. From time to time changes 
have been made in the cover design without changing the 
physical dimensions. A special cover of the Thirtieth Anni- 
versary Issue based on the pattern made familiar by the last 
two years of use will be used for the one issue only. This fol- 
lows the precedent set by the Twenty-Fifth Anniversary Issue 
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INAUGURATION OF THE S. A. E. BULLETIN 
The activities of the Society are becoming so numerous that the Council 
at its meeting this month authorized the publication periodically of this 
leaflet as a Society news medium for the members 


' STANDARDS COMMITTEE 


Division on Wuzer Dimensions AND Fastenincs For Soitp Tires 


Conference with Representatives of Tire Manufacturing Companies 
Following up the work described at the last meeting of the Society the 
Wheel Dimensions and Fastenings for Solid Tires Division addressed the 
following letter to tire manufacturing companies: 
1451 Broadway, New York 
March 24, 1911 


Re Solid-Tire Wheel Dimensions 


In reference to the correspondence which we have had with you on 
‘ the above subject and the general indication from the tire companies that 
a conference of their representatives with our Committee is desirable, we 


would like to learn if you can send a delegate to a meeting at the above 
office on Friday, April 7th, at 10 o’clock a. m. 

The purpose of this meeting is to aid us in determining upon recom- 
mendations in the direction of standardization which will bring about the 
changes desired with due regard to all interests involved 

An early decision in view of the commercial importance of this sub- 
ject is obviously desirable and in order that you may properly instruct 
your representative we would submit herewith the result of our con 
sideration on this subject in which we indicate the manner in which this 
standardization might be effected 

The two principal dimensions to be determined upon are the diam- 

; eters of wheels to the inside of tire attachment and the width of felloe 
' With regard to wheel dimensions the 36-in. wheel in common use may 
be taken as a starting point and larger diameters progressing with incre- 
ments of two inches. A close examination of the dimensions at present 
in use by the majority of tire manufacturers indicates that standard diam- 
eters might be agreed upon as follows 


First page of the first issue of the S.A.E. Bulletin, the 
first periodical publication of the Society, and pred- 
ecessor of the S.A.E. Journat. Issued in April, 1911. 


which set a high mark for number of pages of text and 
advertising. 

The year 1911 has a second distinction in that it saw the 
first publication of the S.A.E. Data Book which later became 
the S.A.E. Hanpsook with the tremendous extension of the 
standards work in the Society. 

The fourth publication of the Society, the $.A.E. Roster has 
been in continuous publication since 1908. The old issues 
furnishing a fascinating hunting ground for those interested 


in the Who’s Who aspects of the early automobile industry in 
America. 
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Future Visioned: 


LTERNATELY looking far into the future and peer- 
ing closely into immediately practical details of design, 
nearly 700 engineers and guests made new technical 

history at the 30th Anniversary Summer Meeting of the 
Society at White Sulphur Springs, June 16-21. 

Liquefied hydrogen was suggested as a possible future fuel 
for airplane engines. Flying boats of 100,000 lb. were pre- 
dicted as probable very soon, with larger types weighing 
several hundred thousand pounds in sight for 10 years hence. 
A transatlantic liner, smaller than many existing liners but 
capable, because of its light weight, of traveling 60 m.p.h. 
and carrying as many passengers as the Normandie, was 
mentioned as being in process of design. 

At the other end of the spectrum detailed data were dis 
closed on a new method of measuring engine knock by 
electro-acoustical methods; the latest information resulting 
from projects of the National Advisory Committee for Aero 
nautics; studies of stress in connecting rods and bearings of 
passenger cars; analysis of surges in fuel injection pipes; 
description of research looking to further utilization of 
theoretical analysis in improvement of passenger car riding 
comfort; and exhaustive studies in various phases of fuel 
engine relationships and performance. 

The meeting provided further evidence of the automotive 
engineer's clear recognition of the vital effect of economic 
influences on his opportunities for continued effective service. 
The technical program opened with Austin M. Wolf's bril- 
liant analysis of the legislative trends which may hinder 
development of maximum public service by motor transport 
agencies and his prediction that there is small chance of 
motor transportation being strangled by over-regulation be 





Present Problems 


cause it is founded on basic advantages which the public 
cannot forego even though their full utilization may 
momentarily be checked. And the last evening session 
brought the announcement from Federal Coordinator of 
Transportation Joseph B. Eastman of a plan to form a cen 
tralized research organization for the railroad industry which 
might establish equipment standards; do pioneering research; 
forecast railroad equipment needs with respect to both traffic 
and design; and perhaps eventually set up a proving ground 
through which certain types of equipment might be tested. 
(See p. 64.) 

The fallacious character of propaganda charging unem 
ployment and other evils to substitution of machines tor man 
and animal power was brought out by C. D. Wiman, presi 
dent, Deere & Co., who gave facts and figures to prove that 
farm machinery has emancipated millions from the necessity 
ot producing their own food and clothing, enabling them to 
produce automobiles, airplanes, radios, talking pictures and 
other devices which go to improve the material standard of 
living of the average American. Throughout many of the 
discussions of Diesel engines, fuels, aircratt and other topics 
ran a steady undercurrent of economic as well as purely 
technical consideration. The fast air mail service between 
North and South American ports, it was brought out, for 
example, has effected a saving of $6000 a month on cable 
service alone. The relation between business and technical 
factors in automotive engineering growth was emphasized 
also by many of the eight Past Presidents who talked at the 
30th anniversary birthday party with which the meeting was 
opened on Sunday evening. 

The meeting was full of dramatic and attention-compelling 


A section of the “International Exhibit” of the work of the Society’s members overseas, arranged to help celebrate the Thir- 
tieth Anniversary of the S.A.E. Participated in by more than a hundred of the Society’s members abroad, the Exhibit gave 
a comprehensive view of the types of work in which they are engaged, and of their tremendous interest in the Society’s oper- 
ations. The portion of the exhibit shown was part of an arrangement along one entire wall of the auditorinm, at the Green- 
brier, in which the larger sessions of the Summer Meeting were held. Additional material was placed on tables and along the 
walls at the back of the auditorium. 
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Past Presidents Made Up the Speakers’ Table at the 30th Birthday Party with which the meeting opened. From left to right 
they are: A. J. Seaife (1932); B. B. Bachman (1922); David Beecroft (1921); H. W. Alden (1912 and 1923); President 
William B. Stout: J. G. Vincent (1920): T. J. Litle, Jr. (1926); W. G. Wall (1928); H. C. Dickinson (1933) 


features and presentations. Although a part of the official 
program only during the aircraft inspection and review on 
Tuesday afternoon, airplanes of many types and makes flew 
constantly throughout the week, making the Greenbrier air- 
port a busy trafic center on each of the six days of the 
meeting. 

The eleven passenger cars participating in the transporta- 
tion review were stationed in reserved parking spaces just 
outside the hotel doors and were driven more than 10,000 
miles by the several hundred engineers who welcomed this 
opportunity to road-test these latest products of the manu- 
facturers. 

The International Exhibit (described on other pages of 
this issue) got consistent attention before and after each of 
the technical sessions, some interested members returning 
three or four times to examine further details of this striking 
presentation of the activities and achievements of prominent 
overseas members of the Society. It is probable that this 
exhibit accounted for 300 man-hours of member interest dur- 
ing the week. 

Motion pictures enlivened the presentations at many of the 
technical sessions. One series of films told the story of truck- 
ing operations in the bui'ding of Boulder Dam; another took 
members flying over “the Lindbergh Trail” on the planes 
carrying mail from North to South America; another showed 
the recent epoch-making flight of Pan-American planes to 
Hawaii and points East; still another—this time in color— 
the “proving-ground” meeting demonstrations held by the 
Metropolitan Section in May; and another illustrated test 
work done on the N.A.C.A. tank. 

The technical sessions themselves—well attended for the 
most part—were marked by a briskness in operation and 
presentation of ideas in discussion which constitutes a high 
tribute to effective work of the chairmen who devoted serious 
and successtul effort to the task of keeping things moving. 
Trafic lights were used to control the length of papers and 


discussion and practically every session showed the effects of 
the detailed attention given by the various chairmen to mak- 
ing their particular session interesting as well as informative. 

Sports of all kinds were enjoyed throughout the meeting. 
Golf drew the largest number of active participants as usual, 
while a Water Carnival on Monday evening and a Field Day 
on Wednesday afternoon furnished interest and excitement 
for everybody. The golfers found more perfect greens and 
fairways upon which to exercise their skill than at any sum- 
mer meeting in many years. (See p. 66 for summary of 
winners of sports events.) 


30th Birthday Party 


The Thirtieth Birthday Party of the Society was the gam- 
bit which opened this peculiarly significant Summer Meeting. 
Held as the first general session, it was attended by nearly 
500 early arrivers. Flanked by eight Past Presidents of the 
Society, representing almost every phase of the Society’s 
achievements, President Stout was moved to state that “the 
aggregate mileage that the members here traveled would 
probably sum up to a pretty large percentage of all the 
mileage traveled a few centuries ago, so that this meeting 
represents not only the automotive engineering industry, but 
also the development in civilization.” 

“This meeting marks another milestone in the progress of 
mankind,” he said. ‘“The machine age requires greater 
incentive for progress in development of thousands of things 
brought about by the activity of those represented in this 
room.” 

Dim milestones of the past and the glimmering signposts 
of the future were brought into closer focus by the eight 
Past Presidents who spoke at the conclusion of the dinner. 
Aptly introduced by Mr. Stout, each of the Past Presidents 
spoke briefly on a subject germane to the tone of a Summer 
Meeting commemorative of the Society’s thirty years of 
growth and its infinite expectations for the future. 
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Past-President J. H. 
Hunt (1927) arrived 
too late for the 30th 
Birthday Party but 
was prominent in 
discussion at many 
subsequent sessions 





Most sweeping in its implication was the answer of Dr. 
H. C. Dickinson, president of the Society in 1933, to the 
question “If we didn’t have automobiles, what would we 
have?” 

Dr. Dickinson asked his audience to picture this country 
with its present population, but without the automobiles and 
roads that we now have. The same necessities and luxuries, 
he said, would be in demand, and there would be no reason 
to assume that people would call for more of these luxuries 
because they did not drive automobiles. 

With no more demand for products to buy, there would 
be nothing more for men to produce;. nothing left for the 
men to do who now produce cars, and the many products 
which go into their distribution and servicing. An outlet 
would have to be found, he concluded, for the efforts of 
these men, and the only outlet would seem to be putting 
them back on the soil. We are saved from having to find 
an answer to a problem of this sort involving nearly a fifth 
of our population by the continuing fertility of the automo- 
tive industry. This industry, he concluded, “during the past 
20 years has been by all means the most effective of all 
agencies in creating the needed market for the products and 
therefore the means of livelihood for surplus men in a grow- 
ing industrial world. The only hope for the future is in a 
further extension of this and other agencies which can accom- 
plish the same purpose”, 

Col. H. W. Alden told how the Society “joined the army” 
in 1917, pointing out that his own connection with army 
affairs dated from 10 or 12 years before the Society was born. 
Touching briefly on the pleasurable nature of the coopera- 
tion between the Society and Army authority, and the work 
of the Ordnance Advisory Group during the World War, 
he described how the present Ordnance Advisory Committee 
grew out of a feeling of General Ruggles that some perma- 
nent liaison between the two groups should be established. 
It is interesting to note, he said, that the Committee has 
virtually the same personnel as when it was instituted. 

“We can’t get safety by just talking about it,” was the 
aphorism set forth by Col. J. G. Vincent, who pointed out 
the difference between the Federal regulations governing 
the licensing of aircraft pilots, and the lack of system in 
licensing automobile drivers in many states. Something more 


Vol. 37, No. 1 


must be done about determining who is going to drive auto- 
mobiles and in preventing a few people from operating them 
at all. 

We have so-called safety committees in our various cities, 
he said, but basically, safety must be engineered. This 
applies not only to the fundamentals of highway construc- 
tion, but to such things as the elimination of grade crossings 
and blind corners. We have wonderful new automobiles, 
but there are no really safe long-distance roads to drive them 
upon, he concluded. 

A backward look at the celebrated automobile reliability 
trials of 1906, with a plea for their revival was given by 
David Beecroft, who pointed out the tremendous influence 
of these trials in bringing the motor vehicle to its present 
perfection. 

At a recent amateur road race, he said, with no publicity 
to help, 15,000 persons turned out to watch. The locale was 
20 miles north of New York City. 

Excellent roads and superlative automobiles have taken 
away emphasis from the automobile as a mechanism, accord- 
ing to Mr. Beecroft, but there are still many young men in 
the country who have a sporting instinct to get out and drive 
their cars under contest conditions. Much good might result, 
he said, from a revival of the reliability runs under condi- 
tions which would make them of practical value to the 
industry. 

“The greatest of our inventions have come from non- 
technical minds,” said T. J. Litle, in summarizing his phil- 
osophy of invention, gained from an examination of many 
thousands of new devices. It is extremely important, he con- 
tinued, that there should be cooperation between engineers and 
inventors, for while most engineers are inventors, all inven- 
tors are not engineers. The inventor is really responsible for 
most of the improvements in the automobile industry, which, 
fortunately, has always shown a high degree of understand- 
ing of the necessity of engineering assistance to the inventor. 

Some features of the early days of the Indianapolis Races 
were described by Col. W. G. Wall. In his introduction, he 
advanced the opinion that strength and weight of parts in 
a car are very good things, but that they can be carried too 
far, fortifying his opinion with an account of experiences with 
steering wheels at the Indianapolis Race Track. 

B. B. Bachman confined himself to a brief reference to 
the fact that he has attended 26 Summer Meetings out of 
the 29 that the Society has held, and after challenging his 
fellow Past Presidents to equal this mark, welcomed the 





Fuel experts relax between sessions and committee meet- 


ings. Left to right: S. D. Heron, D. P. Barnard, O. E. 


Becker and A. W. Pope, Jr. 
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2. F. C. Horner 


guests at the Thirtieth Birthday Party as the senior Summer _ Interest in the steam car is not dead, he believes, and cited 
Meeting Attender present. 





figures on the number of inquiries he receives each year from 
Experiences in acting as chief pilot of a steam racing car people who want to know “all about it”. 

were amusingly described in a running comment by A. J. Music, lightning sketches by President Stout, summer 
Scaife, who took as his subject, “Piloting Whistling Willie”. fashions, all gave a distinctly “party” atmosphere to the 
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Society’s anniversary celebration. Cutting of a huge birthday 
cake containing 30 candles by Mr. Stout, set guests to clamor- 
ing for a “piece of the cake”. “The cake was good”, said 
one member, “and so was the party”. 


Where’s Motor Transport Going? 


At the suggestion of Past President W. G. Wall, the trans- 
portation and maintenance session passed a motion asking 
that a committee be selected by the Society to place in the 
hands of United States Senators and representatives and of 
members of various state legislatures the paper entitled 
“What's the Destination of Motor Transportation?” by 
Austin M. Wolf which was the single paper read at this 
Monday morning session. 

T. C. Smith, who acted as chairman, pointed out that the 
paper was so comprehensive in character that a really satis- 
factory title for it would be difficult to find. Mr. Wolf dis- 
closed many facts bearing on automotive transport legislation 
and regulation and concluded with the predictian that motor 
transportation provides so many advantages for the public 


that it can never be strangled by restrictive laws even though 
its progress may temporarily be impeded seriously. 

Four Past Presidents, H. C. Dickinson, B. B. Bachman, 
A. J. Scaife and W. G. Wall, took a prominent part in the 
discussion as did also M. C. Horine, F. C. Horner, J. F. 
Winchester, F. K. Glynn, T. D. Pratt, Leo Huff and others 
A highlight in the discussion was Pierre Schon’s description 
of how a powerful railroad lobby in Michigan had been pre- 
vented by an organization of motor transport interests from 
forcing through a program of restrictive legislation in that 
State. 
the railway-fostered bills would be and also threatened to 


This committee first showed the public how costly 


force through restrictive railway legislation unless the rail- 
ways desisted in their campaign to legislate unfairly against 
trucks. (See p. 46 for detailed summary of discussion.) 


Improving Aircraft Engine Cooling 


The aircraft-engine session, Monday morning, with P. B. 


Taylor in the chair, proved to be one of the most interesting 
(Continued on page 59) 


The Flying Field Was a Center of Activity Throughout the Week 


1. Many makes and models of airplanes participated 
in the Aircraft Review on Tuesday afternoon. 

3. J. H. MeDuffee again flew to the meeting as he has 
been doing for many years. Here he is taking a 


look at Col. Vincent’s new plane. Left to right: 
Walter Lees, J. H. McDuffee, J. G. Vincent and 
Richard Knox. 
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2. Past-President Col. J. G. Vincent flew to the meet- 
ing in his new Waco biplane. With him was W. R. 
Griswold. 

1. “The Early Bird.” special high-speed Lockheed 
photographic plane of the De'‘roit News, piloted 
by James Piersol, Detroit News aviation editor, 
is about to land. On the ground is the Cessna 
owned by the Greenbrier Airport. 


B. 
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Vapor-Lock Traits of Cars and Their 


Limitations on Gasoline Volatility 


By Neil MacCoull and E. M. Barber 


The Texas Company 


HIS paper defines vapor lock as any interrup- 

tion to the normal metering characteristics of 
a carburetor, due to vaporization of the fuel be- 
fore passing through the carburetor jet. 


Vapor lock may take the form of an excessively 
lean mixture supplied to the engine, if the gaso- 
line boils in the carburetor jet; or it may take the 
form of an excessively rich mixture, if gasoline 
vapors in the float chamber build up sufficient 
pressure to drive fuel through the jet, a charac- 
teristic frequently described as “percolation.” 


The two important classes of car operation 
which may produce vapor lock, that is, “running 
vapor lock” and “idling vapor lock,” are dis- 


HE Transactions of the Society, about 10 or 15 years 
ago, contain many papers which reflect the belief of that 
time; namely, that the volatility of future gasoline would 
have to be progressively decreased in order to supply the de 
mand for increasing volume. The expected fuels required the 
deliberate application of considerable heat for proper engine 
performance, and many ingenious mechanical designs were 
originated for this purpose, such as centrifugal devices for 
throwing unvaporized fuel against hot walls, the “hot spot” 
(which is still with us), the Packard “fuelizer,” etc., etc. In 
the meantime, the chemistry of gasoline refining was gradually 
being developed to meet the needs of engines, and today not 
only is the fear of “heavier” gasoline past but refiners find 
themselves in a position where still further improvement re 
garding increased volatility of the gasoline they market is 
limited by the high temperatures to which fuel systems of 
modern cars are exposed. 
This is a point of no small importance, because it is well 
known that easy starting and quick warming up of cars in 


[This paper was presented at the Semi-Annual Meeting of the Society, 
White Sulphur Springs, West Va., June 20, 1935.] 
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cussed, an analysis of vapor lock in fuel systems 
is made, and gasoline vapor-locking characteris- 
tics are treated. 


Fuel-system temperature-tests are described and 
data thereon presented. Other features are the 
measurement of the vapor-handling capacity of 
fuel systems and fuel-system-loss measurements. 


A detailed summary of the paper is made, and 
conclusions are drawn. Appendix | treats the sub- 
ject of the apparatus for temperature measure- 
ments; Appendix 2, the water-displacement sys- 
tem used to protect the special test fuels from 
“weathering.” 


cold weather demand the use of volatile gasolines. Unfox- 
tunately (for the sake of those who desire easy starting on 
cold mornings), modern cars are not yet ready to use more 
volatile fuels, for, as will be shown later in this paper, a 
majority of automobiles manufactured during the last few 
years subject the fuel systems to temperatures so high that 
even the commercial fuels now available will “boil” under 
driving conditions which might be experienced by anyone on 
a hot summer day. Actual interference with the normal meter- 
ing of gasoline through the carburetor, even though the fuel is 
boiling, is avoided by providing the carburetor float-bowls with 
vents large enough to carry off a considerable quantity of 
gasoline vapor. Thus, the tendency to “vapor lock” is held in 
check over the temperature range starting with the initial 
boiling point, and ending when the volume of vapor produced 
becomes so great that it cannot be handled by the system. 


Definition 


In this paper, vapor lock will be defined as‘any interruption 
to the normal metering characteristics of a carburetor, due to 
vaporization of the fuel before passing through the carburetor 
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jet. It may take the form of an excessively lean mixture sup- 
plied to the engine, if the gasoline boils in the carburetor jet, 
or it may take the form of an excessively rich mixture, if 
gasoline vapors in the float chamber build up sufficient pres- 
sure to drive fuel through the jet—a characteristic frequently 


“described as “percolation.” There are other possibilities of sup- 


plying too much fuel, as will be described later. 

In the study of vapor lock it is well to bear in mind that 
there are two important classes of car operation which may 
produce vapor lock. One of them, which we call “running 
vapor lock,” may occur while the car is being driven steadily 
at fairly high speeds, either on the level or upgrade and mani- 
fests itself as a loss of power or a bucking action of the car 
such as often happens when running out of fuel. The other, 
which we call “idling vapor lock,” may occur when a car is 
stopped after such a run, as when reaching a traffic light or 
the other frequent interruptions in traffic which are encount- 
ered in villages and towns, and manifests itself by stalling 
the engine, if idling, or by considerable difficulty in starting 
a dead engine. With most cars, the latter type of vapor lock 
usually will occur at lower atmospheric temperatures than the 
former type. It is a debatable question as to which is the more 
annoying of these two forms of vapor lock to the car driver; 
but many car drivers, including some engineers, are not aware 
that faulty idling under these conditions may be due to “idling 
vapor lock.” 

The reason for the difference between these two types of 
vapor lock is that, while driving, the stream of air supplied 
through the radiator usually prevents excessive temperatures 
of the fuel system; but when the car is stopped, this supply 
of cooling air is cut off, while all parts of the engine are still 
hot, and in particular the exhaust manifold may be well above 
red heat. A fuel line which is in close proximity to a hot ex 
haust-pipe and is kept at a reasonable temperature by the air 
blast from the radiator fan, will be subjected to entirely differ 
ent thermal conditions when this source of cooling is removed. 
In many car designs the large amount of heat retained by the 
exhaust-pipe casting causes a considerable rise in the carbure- 
tor temperature when the engine is shut down, both by metal 
conduction through the carburetor flange and by the hot air 
carried upward from the manifold by convection. As will be 
shown in our experimental data, we have observed a tempera- 
ture rise of the carburetor bowl of 80 to 100 deg. fahr. above 
norma! running temperatures when an engine is shut down 
to idle. 

The tendency to vapor lock on idling can be reduced by 
reducing the mass of metal in the exhaust-manifold system 
and by providing ample means for air to circulate around the 
engine by its own convection currents after the engine is shut 
down. This means generous louvers and their proper location. 
As might be expected, we have found that there should be 
free passage for fresh air to enter around the lower part of 
the engine, and for the heated air to leave above the top of 
the engine. It is obvious that no part of the fuel system from 
the pump on can run cooler than the air under the hood, un- 
less the fuel boils or vaporizes and thus liberates some of its 
latent heat of vaporization. 


Analysis of Vapor Lock in Fuel Systems 


In order to clarify the various ways in which vapor lock 
may occur and means by which it may be prevented, it is well 
to analyze each step in the fuel system. 

(1) Gasoline in the conventionally placed rear fuel tank of 
a car is often subjected to temperatures which are 20 to 25 deg. 
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fahr. above that of the atmosphere; consequently, the alternate 
heating and cooling of this tank, which results from running 
a car and letting it stand, causes a breathing action which 
carries off some of the lightest portions of the gasoline. 

(2) In most cars, fuel is drawn from the fuel tank by means 
of a diaphragm-type pump bolted to the side of the engine 
crankcase. Here considerable heat is added to the gasoline 
because of contact with the crankcase, which is usually rather 
hot, and often because of radiant heat from the exhaust 
pipe. These pumps are self-priming when new and in good 
condition, which means that they can draw air or vapor, as 
well as liquid fuel, so that there is little danger of the pump 
failing to “prime.” However, if fuel boils as it is drawn into 
the pump, either before or after the suction valve is closed, 
the pump must handle both the desired volume of liquid and 
also a considerable volume of vapor. 

Fortunately, most fuel pumps will handle 20 to 40 times 
as large a volume as is necessary to supply liquid fuel to the 
engine, and the pump will be able to continue supplying fuel 
to the carburetor unless it boils to such an extent that more 
than 20 to 40 times as much gasoline vapor is present as liquid. 
Some of these fuel pumps, after being in use for a considerable 
time, lose a portion of their reserve capacity so that, while 
they are able to handle sufficient liquid fuel for the carburetor, 
they can handle only a very small additional amount of vapor 
and may thus “starve” the carburetor sooner than would be 
the case if they were functioning properly. 

(3) The fuel system from the pump inlet-valve to the 
carburetor float-valve is usually subjected to the cumulative 
heating of the pump body from its contact with the crankcase, 
and the gasoline line from passing near the exhaust pipe. This 
is an important part of the fuel system in regard to vapor lock, 
for there are many cars which operate satisfactorily today only 
because of the fact that the gasoline is heated in this part ot 
the fuel system to a temperature high enough to boil off the 
lighter fractions, which would otherwise vapor lock in the 
carburetor jet. More will be said of this later. 

There are several cars in use in which this fuel line is 
located so that the gasoline temperature developed at the fuel 
pump is reduced by the blast of air from the radiator fan. 
When an engine is stopped after a run, and this air blast is 
cut off, the heat at the fuel pump, and possibly the hot air 
from the exhaust manifold, will cause an appreciable tem 
perature rise of the gasoline in this line. If this rise is sufficient, 
the fuel will boil and build up sufficient pressure to force the 
carburetor float-valve off its seat and a “slug” of gasoline and 
vapor will be forced into the float bowl and cause gasoline to 
overflow the jet. This effect can be alleviated by minimizing 
the volume of gasoline entrained between the pump suction- 
valve and the float valve; in some commercial installations it 
has been necessary to reduce the diameter of the fuel line. 

(4) The carburetor float-bowl is today one of the most im- 
portant parts of the fuel system in preventing vapor lock. It 
acts like a separating chamber in which the fuel vapor is re- 
moved from the liquid fuel, and allows gasoline to be supplied 
to the carburetor jet after enough light-ends have been re- 
moved to prevent boiling at the jet temperature. It is obvious 
that the carburetor float-chamber must be provided with a 
fairly large vent through which this vapor can be discharged 
to the atmosphere, for one volume of liquid will form approxi- 
mately 240 volumes of vapor. It is also obvious that, if the 
carburetor jet runs at a fairly elevated temperature, vapor lock 
can be avoided only by heating the gasoline to a higher tem- 
perature before it reaches the jet so as to boil off and discard 
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those fractions of the gasoline which would otherwise boil in 
the carburetor jet. 

It is questionable whether this function should occur in the 
fuel line to the float bowl or in the float bowl itself. For, as 
mentioned previously, if the gasoline boils between the intake 
valve of the pump and the float valve, there is a possibility of 
an appreciable quantity of gasoline being suddenly discharged 
into the float chamber when the engine is shut down after a 
run, thus flooding the jet. On the other hand, if the gasoline 
boils in the float chamber, there will also be a tendency to 
flood the jet, due to the fact that the mixture of liquid and 
vapor bubbles has an appreciably lower specific gravity than 
the liquid alone. This is a phenomenon which hydraulic en- 
gineers make use of in the familiar air-lift pump for deep 
wells. In a carburetor, however, this change in effective densi- 
ty due to presence of vapor bubbles might allow the float to 
sink to a lower position than normal. 

It can be seen from the foregoing analysis that vapor lock 
is fundamentally a problem of fuel-system temperature-control. 
We take the viewpoint that the fuel-system temperatures of 
modern cars are too high, and that protection from vapor lock 
by the makeshift expedient of boiling off and rejecting the 
most volatile portion of the fuel, which has been described 
very aptly at a recent technical discussion on this subject as 
“butanizing the atmosphere,” is not the proper solution to the 
problem for the following rather obvious reasons: 

(1) There will be an increase in the fuel consumption of 
the car due to the volume of vapor lost, which may be as great 
as 10 per cent of the fuel used by the engine. 

(2) The part of the gasoline lost as vapor represents the 
part which usually adds most to the antiknock value of 
the gasoline. 

(3) If the car is allowed to cool off after the gasoline has 
boiled in the carburetor, starting when cold will be made more 
difficult, because the fraction lost by evaporation is the part 
which aids most in starting. 

(4) The venting of this volatile part of a gasoline is un- 
questionably a fire hazard. It is probably only a matter of luck 
that more fires have not occurred in service on the road. The 
reason is more to be attributed to the fact that there was usual- 
ly no suitable source of ignition present, rather than to the 
lack of the fire hazard itself. 

The remainder of this paper consists of: 

(1) Measurements of the vapor-locking characteristics of a 
few commercial gasolines, and 

(2) Measurements of the tendency of a number of modern 
cars to vapor lock due to (a) the fuel-system temperatures, and 
(6) to the provision made for handling the vapor. 


Gasoline Vapor-Locking Characteristics 


Determination of the properties of a gasoline, which control 
its vapor-locking characteristics, is of prime importance in an 
investigation of this sort. 

It is not enough to know the temperature at which a gaso- 
line first boils, but the volume of vapor produced at higher 


1 


Cu. Ft. of Vapor 
Per Gal. of Liquid 


at 100 Deg. Fahr. V/L 
Ethane 39.7 296 
Propane 38.3 285 
Iso-Propane 31.0 240¢ 
n-Butane 32.8 2459 
Tso-Pentane 29.2 2184 
n-Pentane 29.7 222 
n-Hexane 26.2 196 
n-Heptane 23.2 174 
n-Octane 21.0 157 


“Range of components most likely to cause vapor lock. 


temperatures must also be known. A simple means of approxi- 
mating this desired information is to carry on a distillation by 
the conventional A.S.T.M. method, except with the ther- 
mometer in the liquid gasoline instead of in the vapor. A 
curve should then be plotted in the usual manner indicating 
the temperature at which the first bubbles begin to rise in the 
flask, as weli as when the various percentages of liquid are 
condensed. For the purpose at hand, the temperatures should 
be plotted against the volume of vapor per unit volume of 
liquid. This is not convenient with this apparatus, but may be 
approximated by adding a new scale for the abscissa in which 
values are 2.4 times as large as the percentage scale, as has been 
done in Fig. 1. Since that part of gasoline which first boils 
off produces about 240 volumes’ of vapor per volume of 
liquid, this scale will then approximate the ratio V/L; that is, 
volume of vapor per volume of liquid. In carrying out such 
tests it is noticeable that the temperature of the liquid when 
distillation starts is different from the temperature of the vapor 
(which is specified by the A.S.T.M. method as the “initial 
boiling point”). It has, however, been observed that the 10 
per cent point of the A.S.T.M. distillation is approximately 
equal to the liquid temperature at the “initial boiling point.” 
This is of course only a coincidence; but it is a great con- 
venience, since a gasoline cannot be heated above this tem- 
perature without giving off appreciable quantities of vapor. 
This point was originally assumed to be an index of the vapor- 
locking characteristics of a gasoline, because cars at that time 
had very little vapor-handling capacity. 

More recently, the Reid vapor-pressure test has been ac- 
cepted as a suitable approximation of the vapor-locking char- 
acteristics of gasolines. This test, however, falls short because 
it gives only one point on curves of the sort shown in Fig. 1, 
and, without a second point, no characteristic will be known 
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Fig. 1—Comparison of Reid Vapor Pressure and Dis- 

tillation with the Thermometer in the Liquid as Methods 

of Determining the Vapor-Locking Characteristics of 
Several Gasolines 

The solid-line curves show determination by the Reid 


bomb method; the dash-line curves, determination by 
distillation with the thermometer in the liquid. 
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except at the same V/L ratio as that used in the Reid bomb, 
which is 4:1. 

This fact was brought out by Bridgeman* some time ago 
when he showed how the desired data could be secured from 
a Reid vapor-pressure bomb by charging it with several quan 
tities of liquid so that different ratios of liquid-to-vapor were 
formed in the bomb. The vapor pressure at each vapor-to 
liquid volume-ratio was then measured at a series of tem- 
peratures so that it was possible to determine the temperature 
at which the vapor pressure became equal to atmospheric 
pressure; that is, the true boiling point. The vapor-locking 
characteristic of a gasoline so determined is then expressed by 
a plot of V/L against the boiling points at atmospheric pres 
sure, as is done in Fig. 2. 

A more accurate and convenient method for this sort of 
test has been found in a specially designed barometric type of 
vapor-pressure apparatus which is so constructed that it 1s 
possible to cause a sample of gasoline to be vaporized pro 
gressively. After various increments of vaporization, simul 
taneous measurements of the vapor volume, liquid volume, 
and vapor pressure, are made and the results expressed as a 
curve of vapor pressure against vapor-to-liquid volume-ratio. 
This in turn may be more conveniently replotted as a curve 
of boiling points against the vapor-to-liquid volume-ratio. 

Fig. 3 gives a series of curves obtained on this apparatus for 
six representative motor fuels purchased on May 9g, 1935, in 
the vicinity of Beacon, N. Y. One of the interesting features 
of these curves is the considerable quantity of light ends that 
were boiled off at relatively low temperatures. 

At first it may appear that such a detailed analysis of the 
vapor-locking characteristics of gasoline is unnecessary for a 
practical solution of the vapor-lock problem; but since the 
vapor-handling capacity of modern-car fuel-systems varies 
from 10 to 50 volumes of vapor per volume of liquid, it is 
essential to have such curves as Fig. 3 before one, in order to 
comprehend the vapor-locking performance of any fuel in 
modern cars. It is obvious that such information cannot be 
given by a single temperature at which V/L equals 4, such as 
in the Reid vapor pressure. It is only by such information 
that an engineer can understand how two gasolines having 
the same Reid vapor pressures may fail to vapor lock under 
the same conditions; or that two fuels of different Reid vapor 
pressures may vapor lock under identical conditions; or that 


2 See S.A.E. Journar, April, 1934, pp. 157-163; ‘‘Vapor-Handling Capa 
ity of Automobile Fuel-Systems,’’ by O. C. Bridgemar 
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Fig. 3 Vapor-Locking Characteristics of Six Representa- 


tive Motor Fuels 


ot two gasolines having widely different Reid vapor pressures 
the gasoline of lower Reid vapor pressure may vapor lock 
more readily than the other. Examples of several such 
anomalies that occurred during our vapor-lock tests are re 
corded in a later section of this paper, where the vapor 
handling capacity of the fuel system is measured and an 
explanation of the anomalies, in terms of this figure and the 


vapor-locking characteristics of the gasoline, is given. 


Fuel-System Temperature-Tests 


{pparatus.—All the car-test data reported in this paper 
were obtained from tests run on a chassis dynamometer under 
accurately controlled conditions of car speed and load, and air 
velocity and temperature. 


One of the features of this dynamometer is a large multi- 
area, placed so as to cover the entire front of a cat. With 
air from this fan heated to any desired temperature and sup 
plied with a velocity equal to the car speed, the cooling effect 


vane fan having a discharge outlet more than 12 sq. ft. in 


on the radiator and the entire engine is almost identical with 
similar conditions on the road but much more reproducible 
and under definite control. 

Preliminary Tests—Prior to the main car-testing a series 
of preliminary runs was made with three cars (Nos. 20, 


21 


ail, 


and 26) using car speeds and air velocities of 30, 40, and 50 
m.p.h. respectively, loads equivalent to road load and 7 and 
II per cent grades, and air temperatures of 40 to 100 deg. 
fahr. Road tests were made also on these cars for compari 
son with the temperature measurements made on the chassis 
dynamometer. 

No attempt was made to simulate the intermittent driv 
ing conditions which might be encountered when driving in 
trafhc. The road tests, however, indicated that the tempera 
tures existing under these conditions must be somewhere be 
tween the equilibrium-running and the idling temperatures. 

Fuel-system temperatures were read by thermocouples made 
When making these 
temperature measurements the test cars were run on a gaso 
line that had been distilled off to such a high initial boiling 
point that it would not boil at the temperature existing in the 
fuel system. This precaution was taken on the belief that the 
latent heat of vaporization of a fuel would materially lower 
the fuel-system temperatures while boiling but not vapor 
locking. 


and located as described in Appendix 1. 


Subsequent tests showed that this was an unneces- 
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sary precaution, because the temperature drop was negligible 
until after vapor lock actually had occurred, and a much 
larger proportion of fuel was vaporized. 

Results of Preliminary Tests——A sample of the type of data 
obtained from this test on the chassis dynamometer is given 
in Fig. 4. The particular data shown are for car No. 26 when 
operating at 40 m.p.h. and 7 per cent grade in an atmospheric 
temperature of 80 deg. fahr. The most outstanding point in 
Fig. 4 is the rapidity and extent of the temperature rise that 
occurred as soon as the engine was shut down to a normal 
idling speed (360 r.p.m.). 

Tests run with car and air speeds of 30, 40, and 50 m.p.h. 
showed that, over this range at least, speed has no appreciable 
effect on the equilibrium temperature of the various parts of 
the fuel system. ‘Tests run with varying loads indicated that 
the fuel-system temperatures increased about 1 deg. fahr. 
for each per cent of grade increase under steady running- 
conditions; and, when idling after the run, about 3 deg. fahr. 
for each per cent of grade increase. The tests run with vary- 
ing air-temperatures showed that, between 40 and 100 deg. 
fahr., the temperature rise of the fuel system above atmos 
pheric temperature became less as the atmospheric tempera 
ture became greater. It further showed that this variation 
was markedly different for each car. 

As a result of these preliminary tests, it appeared that a 
satisfactory test must cover the entire range ol atmospheric 
temperatures which are of interest. It also appeared that a 


test run at 40 m.p.h. and 7 per cent grade represents fairly, 
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Fig. 4—Typical Fuel-System Temperature-Data Taken 

During a Run at 40 M.P.H., 7 Per Cent Grade, and While 

Idling after the Steady Run. Air Temperature, 80 Deg. 
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Fig. 5—-Temperature of the Main Jet after Shut Down 
To Idle from the Run at 40 M.P.H., 7 Per Cent Grade. 
For Seven 1934-Model Cars. 


though not abnormally severe, driving conditions. These con- 
ditions were therefore adopted for the routine tests which are 
described in the following section. 


Routine Tests 


Fuel-system temperature-tests, of the sort already described, 
have been made on several 1934 and 1935 cars representative 
of more than go per cent of each year’s sales. 

The pertinent temperature data obtained on each of these 
cars at air temperatures of 50 and 100 deg. fahr. are recorded 
in Tables 1 and 2, respectively, from which values for inter 
mediate air temperature may be interpolated, since they appear 
to follow straight-line variations with air temperature. For 
sake of brevity, only the equilibrium running temperatures, 
temperatures after 2 and 4-min. idle-periods, and maximum 
idle temperatures are recorded. In Fig. 5 the carburetor jet- 
temperatures are plotted against the time after shut down to 
idle, for the 1934 model cars at 80 deg. fahr. air temperature. 
Similar curves were made up for other parts of the fuel sys- 
tem. The equilibrium steady-running temperatures are indi- 
cated on the zero time axis. 

It will be seen from an examination of these temperature 
data that, in its path from the main tank to the engine mani- 
fold, the gasoline is subjected to very severe heating. Under 
the steady-running conditions it is raised from a few degrees 
above atmospheric temperature, in the main tank, to as much 
as 60 deg. above atmospheric temperature in other parts of 
the system; and, under idling conditions, to as much as 100 
deg. above atmospheric temperature. Wuth atmospheric tem- 
peratures of 40 to 100 deg. fahr., it is difficult to conceive of a 
motor fuel having satisfactory starting and warming-up char- 
acteristics that will not boil violently under such temperature 
conditions. 
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Table 1—Fuel-System Temperature and Vapor-Handling Capacity Measurements. Atmospheric Temperature 50 Deg. Fahr. 





Steady Run, Deg. Fahr. 








2-Min. Idle, Deg. Fahr. 


1934 CARS 


Maximum Idle Temperature®, 


4-Min. Idle, Deg. Fahr. Deg. Fahr. 


Test-Car Fuel Pump Carburetor Fuel Pump Carburetor Fuel Pump Carburetor Fuel Pump Carburetor 
Coding ————-——— _ -——--—— _ Main ——--——-_ -—_ — Main — —_—« —-—————- Main ——————- ——— Main 
In- Out- In- Fuel In- Out- In- Fuel In- Out- In- Fuel In- Out- In- Fuel 
let let let Bowl Jet let let let Bowl Jet let let let Bowl Jet let let let Bowl Jet 
OS ee 84 94 96 #101 83 119 107 115 89 136 127 127 = «115 147 143 145 
ae e- ~ aves 13 «6111: «€6103)~«Cosd109st=i«zxx.. 126 120 115 122 128 126 119 120 aa 131 126 126 
No. 22..... 94 87 87 90 89 104 109 106 101 99 114 120 121 115 2 Ee i38t Ws Wt is 
ee 103. 105 99 101 99 118 114 121 104 +1038 #120 «#i118~=«#4131 115 110 108 121 136 137 ~=«134 
ae 91 110 122 119 106 100 117 «+130 126 «©6117 102 #123 «©1385 «©1380 127 #103 «#127 «#1389 #«126—=« 6137 
aes 91 92 92 90 97 98 107 100 105 104 115 ~= 108 133 143 149 144 
re 86 130 92 9 100 114 157 123 110 WS W7 158 +4146 2118 i124 «2124 «~«165CO18 SOC88 S186 
ee 93 107 126 4111 4102 4105 #4113 #149 «#«=£6114 #110 #+4107 «£119 «=©177)«#©128) «©6118 «©12506«€613800)06«62204)6«€6162 = «(176 
ere 91 105 103 4101 101 105 «#35118 123 110 Ill 110 124 «+136 ~= © «121 120 120 137 148 138 += 141 
Maximum...... 103 130 126 4119 +4112 ##%4119 #157 «#149 126 117 #122 «£159 177 «©1380 127 #133 «©1165 204 162 176 
Minimum...... 84 87 87 90 89 83 98 106 100 99 89 104 115 108 110 103 121 4131 4126 = 126 
1935 CARS 
SG er 100 121 114 ~= 107 85 113 131 120 114 %14 116 #=#+%133~«=«il 21 es me a 140 151 138 =: 157 
eee 81 82 83 85 90 90 91 100 96 100 102 100 4110 #105 #4109... . ' 
2 ere 88 143 115 113 82 106 162 133 118 110 4118 4165 4152 127 124 122~=«#154i1 156 156 162 
eee 2 120 104 102 94 102 128 134 +4115 4113 #4105 44130 4143 «#3124 122 4120 4130 #4146 «#4136 ~= 6136 
ae 78 90 90 90 84 104 lil 124 98 108 113 120 132 109 120 120 130 133 «#1386 —=«=132 
Seer 77 86 89 89 87 90 99 120 102 100 9 108 134 #%4115 42 4115 #4127 #+4151 +4186 = «(157 
Me Mvecevesee’s 98 108 100 101 89 110 122 124 118 109 112 126 132 129 #+123 «#4127 «©6134 «#6146 16 = =«157 
BI < ciiceciss 86 107 99 98 87 102 121 123 109 4108 4108 126 134 #+$4119 #+4119 4123 «#+185«£6147 148) 150 
Maximum...... 100 143 #115~= 113 82 113 162 134 115 114 #4118 165 4152 129 #%123~==«#131 151 156 163 162 
Minimum...... 77 82 83 85 90 90 9] 100 96 100 95 100 110 105 109 115 127 +133 «#41386 = 132 
@ Maximum temperatures for 1935 cars under this column are for maximum temperature measurements taken after the car had been shut down 
following the steady run and not during idling conditions as in the case of the 1934 cars. 


Measurement of the Vapor-Handling Capacity of Fuel Sys- 
tems.—The method used in this test was an adaptation of a 
method recently described by O. C. Bridgeman.’ Briefly, 
Bridgeman’s procedure consisted of operating a car on a series 
of gasolines of known vapor-locking characteristics until vapor 
lock occurred. At the time of vapor lock, the fuel tempera- 
tures were recorded. The vapor-handling capacity of the fuel 
system, in terms of the vapor-to-liquid volume-ratio (V/L), 
was then determined by entering the curve for the vapor- 
locking characteristics of the test gasoline such as in Fig. 2, 
at the temperature at which vapor lock occurred, and read- 
ing off the corresponding value of V/L. 

For our adaptation of this method, two special gasolines 
having the vapor-locking characteristics shown in Fig. 2 were 
prepared from blends of natural gasoline and refinery gaso- 
line. Both these gasolines were stored and handled by a water 
displacement system. (See Appendix 2.) 

Test Procedure —This special fuel system was connected tc 
the fuel system of the test car at the fuel-pump inlet. The 
car was started at an atmospheric temperature low enough to 
be sure that it would not vapor lock on the test gasoline. The 
temperature was then gradually increased until the car vapor 
locked, as evidenced by fluctuations in power and then, in 
extreme cases, by a violent “bucking,” during steady-running 
conditions at 40 m.p.h. and 7 per cent grade. This procedure 


4 


8 See S.A.E. Journat, April, 1934, pp. 157-163; “‘Vapor-Handling Capac 
ity of Automobile Fuel-Systems,” by O. C. Bridgeman. 
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was then repeated until the car vapor locked during a 360- 
r.p.m. idle after the steady run, as evidenced by a stall. 

Throughout this test the fuel temperatures were recorded 
at the same time intervals as before and also at the instant of 
vapor lock. The V/L values were then determined from 
Fig. 2 for each of the temperatures read at the time of vapor 
lock. 

Test Results —A sample of the data obtained from this test 
when run on car No. 22, while idling after the standard run, 
is shown in the following tabulation: 


Fuel ME-795 Fuel ME-788 
Pry 


Temperature V/L Temperature V/L 
Point in Fuel System Deg. Fahr. Ratio Deg. Fahr. Ratio 
Fuel-Pump Inlet 131 ) 118 7 
Fuel-Pump Outlet 137 Oo 120 8 
Carburetor Inlet 150 20 136 22 
Carburetor Bow] 151 21 135 21 
Main Jet 150 20 135 21 


The temperatures listed in the first and third columns are 
the fuel temperatures measured at the time vapor lock oc- 
curred. 


Examination of these data reveals that, with both fuels, 
boiling had progressed until V/Z equals about 21 at the car- 
buretor when vapor lock occurred. Had only one fuel—say 
Fuel ME-788—been used, there would have been considerable 
doubt as to whether the V/L value for the car was 7, 
or 21, and as to where the vapor lock had occurred. 
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ever, that point of the fuel system giving equal values for 
V/L by both fuels seems fairly certain to be the point where 
the vapor lock occurred, which in this test was evidently not 
the fuel pump, but was probably in the vicinity of the car- 
buretor, with a V/L value of about 21. 

From data of these sorts it has been possible to determine 
the V/L values of various cars with fair accuracy, and also to 
locate approximately the point at which vapor lock occurred. 
These data for the various cars that have been tested are given 
in Table 3. It will be seen that vapor lock usually occurs at 
the fuel pump during the steady run, and at the carburetor 
during the subsequent idle period, but no hard and fast rule 
can be given. 

In that section of this paper where the vapor-locking char- 
acteristics of fuels were discussed, a number of anomalies 
were mentioned arising from the use of Reid vapor pressures 
as the index of vapor-locking characteristics of gasolines. 

One such anomaly was illustrated by the run on Car No. 21, 
using the two fuels ME-788 and ME-795 having the vapor. 
locking characteristics which are shown in Fig. 2, and Reid 
vapor pressures of about 12.5 and 8.5 lb., respectively. It was 
found that in spite of the 4-lb. difference in Reid vapor pres- 
sures, both fuels vapor locked at about the same atmospheric 
temperature. When the vapor-handling capacity of this car’s 
fuel system was subsequently measured and found to equal 28, 
the explanation was evident from Fig. 2, in which it is seen 
that the temperatures corresponding to V/L values of 28 for 


each of these gasolines are only about 7 deg. fahr. apart. On 
the other hand, the temperatures indicated by the Reid vapor 
pressures (at V/L = 4) were approximately 32 deg. apart. 

Another such example was observed when using these same 
two fuels in the vapor lock test on Car No. 20. During the 
idle period after the standard run it was found that the 8.5-lb. 
gasoline vapor locked at a lower atmospheric temperature 
than the 12.5-lb. gasoline. This is readily explained on the 
same basis, since the V/L value of this car was somewhat 
greater than 50. 


Fuel-System-Loss Measurements 


In the previous sections of this paper there has been con- 
siderable discussion of the vapor-handling capacity of the fuel 
system and of the process of venting off the vapors evolved 
from the boiling gasoline as a means of deferring the occur- 
rence of vapor lock. The logical conclusion to be derived 
from such a viewpoint is that both the fuel economy of the 
car and the quality of the fuel that will be supplied to the 
engine suffer in proportion to the quantity of vapors that are 
vented from the fuel system. Accordingly, tests were undes- 
taken in which these losses were measured, as well as the 
changes in the fuel characteristics as a result of boiling in the 
fuel system. 

Car No. 26 was a fair example of these tests. It was run 
on the chassis dynamometer under the standard test condi- 
tions, using three test fuels having 10 per cent points of 113, 





Table 2—Fuel-System Temperature and Vapor-Handling Capacity Measurements. Atmospheric Temperature 100 Deg. Fahr. 




















1934 CARS 
Maximum Idle Temperature®, 
Steady Run, Deg. Fahr. 2-Min. Idle, Deg. Fahr. 4-Min. Idle, Deg. Fahr. Deg. Fahr. 

Test-Car Fuel Pump Carburetor Fuel Pump Carburetor Fuel Pump Carburetor Fuel Pump Carburetor 
Coding ae — Main ———— ——— Main ————— ——— Main ————— ———— Main 
In- Out-  In- Fuel In- Out- In- Fuel In- Out- In- Fuel In- Out- In- Fuel 
let let let Bowl Jet let let let Bowl Jet let let let Bowl Jet let let let Bowl Jet 
No. 21 . 1 ... 135 wow .W.U.UdUmDKBC HH mwM...irtemmiiit ... a 
No. 20 . 1 . 162 188 162 155 ... 15 168 166 155 ... 161 10 16 1980 ... 18 10 1970 
No. 22 ..... 121 118 117 114 120 1385 «#$1141 135 «#4137 «©1356 «©6145 149 156 145 151 160 165 4178 #%«81 177 
No. 24 ...... 1386 129 138 137 183 #4152 145 158 4143 #4141 #+157 152 167 152 149 139 165 177 173 «#171 
No. 23 .... lll 142 133 134 127 #133 «#6149 159 147 #142 #1385 #421155) «#6165 153 #152 1385 169 #4172 #«173~«=165 

No. 25 wee See) | 6SSSlClCOSC(iéST a: a: la a ee 142 144 153 146... 163 179 184 171 
WGC ..... 182 154 142 140 148 152 189 170 150 158 #4153 «#4185 182 158 165 4159 4187 +4192 174 175 
No. 26. . pie 130 140 165 149 151 142 149 186 155 160 145 155 214 #4170 168 #458 168 218 201 200 
Average. ... 125 136 140 137. ... +141 #152 #158 #%4148 #%4151 145 «#4157 § «171.5 157 150 155 #173 4188 #180 177 
Maximum . 136 154 165 158 162 155 #189 186 «#6168 166 #157 #185 214 +4170 168 #4169 #4187 #4218 201 200 
Minimum .. lll 118 117 «#114 #120 § «124 «#=137§ «©1385 § «#61387 «©1385)6«€6©130 «6144 «61530 «61450 «62149 «21350 «62165 «61638 S169 ~—s«165 

wai oO 1935 CARS . ms ; - 

ALB Pea ee 138 163 155 157 130 4152 4180 178 #35154 165 162 190 188 165 178 178 200 200 188 196 
No. 28 ate 127 128 151 130 130 137 «©1137 «©6147 148 140 #148 #146 «#4159 «#152 151 162 160 160 171 ~=«17i1 
No. 29 .. 1388 176 164 160 122 165 202 192 160 140 171 208 200 168 153 166 192 192 192 198 
GK.. .. 123 162 149 146 134 152 174 180 162 154 160 180 185 168 160 170 182 192 184 186 
No. 30 ’ 123 130 135 130 134 +146 #154 163 #4140 «#4150 148 #4158 #4167 #4148 156 #4151 164 167 #4165 = 162 
No. 32 117 132 133 133 130 «©1360 «©1146 #164 140 140 142 154 174 #%148 #4151 #154 164 180 190 193 
No. 34......... 138 136 135 134 134 153 154 145 144 141 158 162 160 153 4150 170 174 #«+173 #168 += «#168 
No. 31 ... 141 152 145 144 185 14 100 157 #157 «#2150 .=~(t«w«. saad dae ~~ xs se “een ae als eek 
a 140 156 145 146 145 158 176 162 4158 #4158 4156 4176 «#£170 164 162 163 #172 «$176 188 190 
Average .. 1299 148 147 142 133 148 165 169 151 149 155 173 4179 +4158 #$«J58 163 176 #4181 181 += 183 
Maximum...... 138 176 164 160 135 165 202 192 162 165 171 208 200 168 178 178 200 200 192 198 
Minimum.... 117 128 133 130 122 136 #137 «©6147 140 140 142 146 #4159 «#6148 #151 #151 «#160 #160 #171 ~=« 162 








“Maximum temperatures for 1935 cars under this column are for maximum temperature measurements taken after the car had been shut down 
following the steady run and not during idling conditions as in the case of the 1934 cars. 
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124, and 145 deg. fahr. The test car was run until equi 
librium fuel-system temperatures were reached, after which 
and while the car was still running a 2-qt. sample of gasoline 
was bled by water displacement from the carburetor bowl ot 
the car. 
not more than a drop of 2 deg. in the temperature of the car 


The rate of bleeding was limited so that there was 


buretor bowl from the equilibrium values. On each of these 
samples, distillation, gravity, Reid vapor pressures, and anti 
knock values were obtained for comparison with the tests 
on the gasoline as supplied to the car fuel-system. The per 
cent loss from the original sample was also estimated. 

Table 4 gives the tests on the original samples as well as 
the tests on two samples of each gasoline as drained from the 
carburetor bowl. The samples were drained during runs at 
atmospheric temperatures believed to represent the upper 
limits of the atmospheric temperatures at which gasoiines ol 
this sort would be used: 60 and 8o deg. fahr.; 70 and go deg. 
fahr.: and 80 and 100 deg. fahr., respectively, for these three 
gasolines. 

It is of interest to note that in all cases there was a consider 
able loss resulting in a marked decrease in vapor pressure, 
antiknock value, gravity, and overall volatility of the fuel. 
Thus, although vapor lock did not occur in any of these 
cases, there were marked losses in the fuel system resulting 
from the boiling of the gasoline, and these losses extended 
over a considerable range of the atmospheric temperature in 
which the car was operated. 

Another series of runs was made to determine how the 
gasoline available for starting a cold engine is influenced by 


o 


Table 3—Fuel-System Temperature and Vapor-Handling 
Capacity Measurements in Atmospheric Temperatures of 
50 and of 100 Deg. Fahr. 


1934 CARS 


Probable Point of 


Vapor-Handling 
. Vapor Lock 


Capacity (V/L 
Test-Car 


Coding Steady Steady 
Run Idle tun Idle 

No. 21 28 > 50 Fuel Pump Carburetor 

No. 20 13 13 Fuel Pump Carburetor 

No. 22 11 1 Fuel Pump Carburetor 

No. 24 12 l Fuel Pump Carburetor 

No. 23 29 30 Fuel Pump Carburetor 

No. 25 13 6 Fuel Pump Carburetor 

WGC 14 19 Fuel Pump Fuel Pump 

No. 26 34 > 50 Fuel Pump Carburetor 
Average 19 28 

Maximum 3 > 50 

Minimum 11 1 


ALB 3 > 50 Fuel Pump Carburetor 
No. 28 20 25 Fuel Pump Carburetor 
No. 29 18 > 50 Fuel Pump Fuel Pump 
Gk 23 3 Fuel Pump Carburetor 
No. 30 18 50 Fuel Pump Carburetor 
No. 32 22 37 Fuel Pump Carburetor 
No. 3 26 26 Fuel Pump Fuel Pump 
No. 31 12 25 Fuel Pump Carburetor 
LFM 25 26 Fuel Pump Fule Pump 
Average 25 37 
Maximum 48 >50 
Minimum 12 25 
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A.S.T.M. 10 Per Cent (Evaporated) of Residual Gasoline 











T 7 
— 
|_| 
100 120 140-~ 1808200220 


Maximum Temperature of Carburetor Bowl,deg.fahr 


Fig. 6-—-Curves Showing 10 Per Cent Points of Gasolines 

Nos. 1, 2 and 3, When Drained from the Carburetor 

Bowl of Cars Nos. 20 and 26 One Hour after the Car 

Was Shut Down from a Steady Run at 40 M.P.H. 7 Per 
Cent Grade. 


l 113 Deg. Fahr 
Fue Né 2 124 Deg. Fahr. Original 10 Point 
145 Deg. Fahr. 


the temperature existing in the carburetor bow! when the en 
gine is shut down after a hard run. Samples of the three 
gasolines used in the previous test were drained from th 
carburetor bowls of Cars Nos. 20 and 26 1 hr. after they 
had been shut down from the standard test run. By this time 
the carburetor-bowl temperature had reached a maximum and 
A.S.T.M. distillation-tests were ob 


tained on each of these drained samples. 


started to drop off again. 


The results of these tests are shown in Fig. 6, in which the 
10 per cent point of the residual gasoline, taken as an index 
ot the front-end volatility, is plotted against the maximum 
temperature reached in the carburetor bow! during the 1-hr. 
period between stopping the engine and draining the sample. 
It will be noted that the ro per cent point of the gasoline left 
in the carburetor bow] for subsequently restarting the engine 
is affected considerably by the temperature attained in the 
carburetor bowl. 


Comparison of these values with the maximum carburetor 
bowl temperatures listed in Tables 1 and 2 gives an interesting 
idea as to how much less volatile the fuel is that is generally 
available for starting a cold engine than is the fuel which was 
originally supplied to the car. 


Summary 


(1) Vapor lock is any interruption to the normal meter 
ing characteristics of a carburetor, due to vaporization of the 
fuel in the fuel system. It may be an excessively lean mix 
ture if (@) vapor bubbles form in the metering jet, or if (6) 
the fuel pump cannot supply the necessary liquid in addition 
to the vapor. It may be an excessively rich mixture due to 
“flooding” the carburetor, if (a) a “slug” of liquid is sud 
denly driven into the float bowl by vapor formed between 


the pump and float bowl, or if (6) vapor bubbles form in the 
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float chamber fast enough to drop the float due to the lower 
mean density of the mixture. 

(2) Vapor lock may occur (a) during a hard run; and is 
manifested by a fluctuation of power or a bucking of the car 
as if running out of fuel, or (b) while idling after a run; 


of the fuel (which is approximately the 10 per cent point of 
its A.S.T.M. distillation), it is necessary to boil off and re- 
ject that part of the fuel which would otherwise boil in the 
carburetor jet and cause vapor lock. The most desirable part 
of the fuel system for the application of such heat is probably 


4 making itself evident by stalling the engine. between the fuel pump and the carburetor intake, but a 
(3) Fuel-system temperatures are usually higher when — sudden rise in the temperature at this point, when the engine 
idling after a run than during the run itself. Thus, vapor speed is reduced, is undesirable. 
lock is more customary when a car is stopped or when it is The minimum possible volume of liquid should be thus 
slowed down. heated. 
4 (4) Vapor locking properties of gasoline cannot be speci- An ample vent must be provided at the carburetor bowl 


t | 
— | a | 


fied by a single value such as the conventional Reid vapor 
pressure, since V/L values for cars vary over a wide range. At 
least two measurements should be included so that it will 
be possible to determine: (a) the initial boiling temperature, 


to carry off the vapor formed. 
The carburetor jet should be raised an appreciable distance 


above the normal full of the float chamber, and a large liquid- 
surface area is desirable to prevent flooding. 


and (4) the rate of vapor formation at temperatures above : 

4 at: ” :; Conclusions 
the initial boiling point. > 

4 (5) Gasoline should not boil in the fuel system of a car, ° 





certainly not while running under moderately severe condi- 
tions. To minimize the tendency for a fuel to boil, keep the 
fuel system cool, especially the carburetor jet and the fuel 
pump. To this end: 

(a) Place the carburetor away from the exhaust pipe, if 
possible; 

(6) Encourage large air-volume passage through the 
radiator while the car is running, and circulation by convec- 
tion when the engine is idling. This requires ample louvers 
placed high enough to let air out over the engine, and free 
passage in at the bottom; 

(c) Shield the carburetor and the pump from exhaust 
radiation and convection; 

(d) Insulate the carburetor flange from the manifold, and 
the fuel pump from the crankcase; 

(e) Reduce the mass of the exhaust pipe. 

(6) If the carburetor jet is heated above the boiling point 


Sample Source Original Carb. Bowl Carb. Bowl 
Gravity, A.P.I. Deg. 58.9 58.1 We 


Jl 
64.2-64.2 


(1) There are only two alternatives to the vapor lock 
situation: (a) With cars as they are, gasoline specifications 
can be altered to give better freedom from vapor lock or 
easy starting. Both cannot be secured simultaneously in 1934 
and 1935 cars. Gasoline refiners must continually draw their 
volatility specifications so as to strike between the desired 
starting characteristics and freedom from vapor lock for the 
worst cars in these respects. Elimination of the few out- 
standingly bad cars would allow refiners to redraw their gaso- 
line specifications so as to provide a more satisfactory com- 
promise between starting and vapor lock for the majority of 
cars now in use. And (6) there is only one way to secure 
both freedom from vapor lock and easy starting; that is, fuel 
systems of cars must be redesigned to use easy-starting fuels 
without vapor locking. 

(2) In general, the 1935 cars we have tested subject the 
fuel to higher temperatures than the 1934 cars, but have less 
vapor-lock trouble because of greater vapor-handling capacity. 





Table 4—Inspection Tests on Samples of Several Gasolines Drained From the Carburetor Bowl of Test Car No. 26 





Original Carb. Bowl Carb. Bowl Original Carb. Bowl Carb. Bowl 


70.4 68.9 66.8 52.9 61.4 61.0 


=. wane aoa Om eS 

. —_woe ee ee ee ee | 4 

area ana!’ SB & 
ee 


CFRM-ASTM Octane 66.2-66.4 65.6-65.6 67.6-67.6 65.4-65.2 65.6-65.4 67.4-67.4 65.4-65.0 65.5-65.4 
Distillation: Rec. Evap. Rec. Evap. Rec. Evap. Rec. Evap. Rec. Evap. Rec. Evap. Rec. Evap. Rec. Evap. Rec. Evap. 
I. B. P., Deg. Fahr........... 95 87 106 100 111 106 94 8 99% 88 98 9 99 83 95 89 98 92 

10 per cent. ... .. 14 139 153 150 160 155 J17 %113 «#4126 «122 «188 :«€6125:~«6196 «6190: «2183:«6198 «C87 SC 
Mam wcrc aio ues ... 175 172 183 180 186 184 130 127 1388 #137 «#1388 «£137 150 146 #4158 «©6155 #4159) «6155 
ee ; ..eeseeee 2038 200 211 208 212 208 144 #1141 +150 148 154 150 175 169 181 4178 184 180 
__ ere ar .. 227 224 235 233 235 232 160 157 166 +4163 #+172 #4168 200 195 205 202 209 205 
ee .. 252 248 256 253 256 253 181 4175 #4186 182 196 191 228 223 229 226 234 230 
Bec encie ern ecovsig chen ce eee 273 269 #277 «#24275 #4277 «4275 «©6204 «62198 208 203 220 215 253 248 254 250 259 255 
WO... cece eccccccccsccccee O9¢ 293 208 205 290 207 232 225 236 230 246 241 278 373 20 377 20 277 
Seti oten ees 321 317 320 317 321 318 266 256 268 260 286 277 306 300 308 303 314 308 
aici Mocg ae anikcne oe 352 346 351 347 352 348 316 302 318 305 332 321 345 335 343 338 346 340 
re 379 371 375 370 372 368 352 332 360 340 372 348 375 363 364 357 373 364 

End Point ‘ 


Se eee err 392 392 395 395 395 395 390 390 388 388 396 396 394 394 390 390 390 390 
ter Recovery, per cent.......... 97. 


7.5 99.0 98.0 99.0 98.0 99.0 96.5 99.0 97.0 99.0 97.0 99.0 97.0 99.0 97.5 99.0 97.5 99.0 
“a Residue, per cent............ 1.0 1.0 10 1.0 10 10 1.0 1.0 1.0 10 10 10 10 1.0 1.0 10 1.0 1.0 
_ Loss, per cent...... 3 1.5 eS... BR a ae Ce ee ee oO 2 as ee 
11X- 
(b) Per cent Logs............... 3.2 5.0 4.6 10.7 4.3 5.1 
; Temperatures, Deg. Fahr.: 
_ Atmospheric................ 80 100 70 80 70 90 
> to Main Tank................. 95 113 88 102 89 108 
ud- Fuel-Pump Inlet............ 118 129 106 116 108 124 
? Fuel-Pump Outlet........... 124 136 112 120 113 131 
i ” | Carburetor Bowl............ 126 140 112 120 114 131 
tne ; = a = —_ 
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F 4 ln Flare -Type 
Compression-Fittings 
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Wrenn, 


Thermocouple Bead 2 2 - — 
with Leads sealed ASS 1u 
in Glass Tubing Packing 


Fig. 7—Schematic Diagram of Thermocouples Used in 
Making Fuel-System Temperature-Measurements. 


It is our impression that the trend of car design, if left 
in the hands of the art departments, will subject fuel systems 
in 1936 to still higher temperatures, which will require the 
engineering departments to carry the double burden of in- 
creasing both the vapor-handling capacity and the ease of 
starting with heavier gasolines. In the meantime, oil re- 
finers will have to continue to waste that part of the gasoline 
which aids most in giving the customer the car performance 
that he wants. 

Appendix 1 

Apparatus for Temperature Measurements. — Fuel-system 
temperature-measurements were made by means of arc 
welded, baked-enamel insulated, iron-and-constantan (20 gage 
wire) thermocouples connected through a multi-point switch 
to a Leeds & Northrup portable null-type potentiometer. The 
temperature of the liquid gasoline was measured at (1) the 
inlet of the fuel pump, (2) the outlet of the fuel pump, (3) 
the inlet of the carburetor, (4) in the carburetor bowl, and 
(5) the temperature of the metal at the metering jet. 

The thermocouples for the measurements (1), (2) and (3), 
were sealed into flare-type fittings as shown in Fig. 7. These 
fittings were screwed into a tee that was introduced into the 
fuel line at the desired point. The temperature (4) was mea- 
sured by a thermocouple so placed that the lead was im- 
mersed in the liquid gasoline in the carburetor bowl. The 
leads to this couple were taken out of the bowl through small 
slits made in the gasket between the top and the bowl of the 
carburetor. The jet temperature was measured by a therme 
couple similar to (4) except that the lead of the couple was 
soldered to the main fuel jet in such a way that it did not 
restrict the flow of fuel. 


Appendix 2 


In order to protect these special test fuels from “weather- 
ing,” the water-displacement system shown schematically in 











0-220 deg. fahr. 
Thermometer -. 


10 ft. 20 Gage Wire 
= Gasoline through 

Flexible Hose to 

Car Fue/ System 


Rheostat 


110 Volts | 


Fig. 8—Schematic Diagram of the Water-Displacement 
System. 
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Fig. 8 was developed. This system consisted of a drum ot 
water open to the atmosphere and mounted directly above thi 
drum containing the test gasoline. A pipe was connected 
from the bottom of the water drum to the bottom of the 
gasoline drum. The gasoline was piped from the top of its 
drum into the chassis room where the end of the pipe termi 
nated in a flexible hose and fitting so that it could be con- 
nected into the fuel-pump inlet of any car. 

A nichrome-wire electric resistance-heater was wound on 
the pipe leading from the water-displacement system into the 
chassis room. The heater was equipped with a rheostat so 
that the gasoline coming from the water-displacement sys- 
tem could be run into the fuel pump of a car as if it had 
been supplied from the fuel tank of the car (at the same tem- 
perature that had been recorded during the previous tuel- 
system temperature-measurement ). 


Mechanization Lifts Average 
Living Standards 


GRICULTURE from the beginning of time to the in- 
troduction of the machine on the farm, was one of 
the most static undertakings of mankind. It has been said 
that if a laborer from the time of Pharaoh had been set down 
in an American wheat field at the beginning of the nine- 
teenth century, he would have been able to perform a full 
day’s work without previous instructions because the harvest- 
ing methods of his and that time were identical. It was not 
until the machine was introduced that any substantial 
changes were made in agricultural methods. 

When a man had to work with his bare hands, or with 
the aid of nothing more than.a crooked stick or a crude 
knife, to produce his food and clothing materials, he was able 
to produce enough to support himself and his dependents, 
but he had little or no surplus to pass on to others. With 
nobody producing a surplus everybody had to produce for 
himself and nobody could engage in other undertakings. It 
was not until the machine increased man’s productive capac- 
ity and enabled him to produce a surplus to sell in the mar- 
ket, that those who were so inclined could turn their atten- 
tion to the development of trade and industry without fear 
of facing actual starvation... . 

While mechanization of agriculture has made possible our 
high standard of living, it must be recognized that this stand- 
ard could not have been attained had it not been for mech- 
anization in other industries. The substitution of machine 
for man labor in factories has so reduced the cost of manu- 
factured products that many articles are salable which other- 
wise would be prohibitive in cost... . 

The benefits of mechanization should be apparent to all. 
If there be any who doubt, let him see a modern farmer 
producing an acre of corn on the same land and with the 
same rain and the same sunshine and with practically the 
same seed that blessed the farmer of three-quarters of a 
century ago—the only change being the farm machine—and 
doing it with about one-eighth of the man labor once re- 
quired. Let him consider what that farmer can do with the 
remaining seven-eighths of his time in improving himself 
and his community. 

Excerpt from the paper “Agriculture and the Automotive 
Development” presented at the Semi-Annual Meeting of the 
Society, White Sulphur Springs, West Va., June 19, 1935, by 
Charles Deere Wiman, president, Deere & Co., Moline, Ill. 
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Design Problems and Methods 


for Large Flying Boats 


By I. I. Sikorsky 


Sikorsky Aircraft Corp. 


FTER citing the improvements achieved in 
the S-42 as compared with the $-40 type, the 
author states that many future improvements will 
be made in flying boats as a result of improved 
engines, propellers and airplane design. 


Some of the general problems of flying-boat 
design are compared with those of land air-trans- 
ports. Although in the basic phases the problems 
are similar, the flying-boat designer diverges from 
the land air-transport-designer’s viewpoint in sev- 
eral important features such as cruising range, 
speed, comfort, space per passenger, and size. 


Many advantages, particularly in seaworthiness, 
are found in connection with the construction of 
larger-sized ships, as the inherently easier take-off 
of the larger flying boat permits better shapes for 
seaworthiness. Sharper and more refined V-bottom 


hulls will be used. 


It is stated that the development of flying boats 
is of great importance, particularly to the United 
States, as it offers a basic means of rapid contact 
with the major part of the world. 


ages is, I believe, quite obvious. The great centers of 
the world, with the exception of Mexico and Canada, 
can be reached from this country by one means only; namely, 
that of water transportation. However, with the advent of 
the large flying boat, these great centers may be reached by 
air and a fast and comfortable means of intercourse between 
all countries will be made possible. The ports and harbors 
on which these major centers are located will provide natural 
landing fields of almost unlimited size for the flying boat. 
In no other field of air transportation have there been such 
great improvements in performance and efficiency as are found 
in the recent development of large flying boats. I call atten- 


P MHE value of the flying boat for long overseas air-voy- 


[This paper was presented at the Semi-Annual Meeting of the Society, 
White Sulphur Springs, West Va., June 18, 1935.] 


tion to the improvements achieved in the S-42 (Fig. 1), as 
compared with the S-4o (Fig. 2). The S-40, capable of 
carrying 40 passengers over a considerable range at a cruising 
speed of 115 m.p.h., was from its first flight a success, offer- 
ing a most comfortable ship and one commensurate at the 
time for its load-carrying ability. However, ships permitting 
a greater flying range with higher cruising speeds were 
visioned as a future necessity, resulting in the conception and 
subsequent design and construction of the S-42. This ship 
demonstrated the speed possibilities of the flying boat by its 
recent record flight in which 2 tons of load was carried for a 
distance of 1242 miles at an average speed of 157.5 m.p.h., at 
approximately 71 per cent of the brake horsepower available. 
A most interesting comparison of the operating efficiency be- 
tween the S-4o0 and the S-42 was recently presented before the 
Royal Aeronautical Society, and I wish to quote verbatim 
from this address as follows: 
“The following table indicates the benefits of the S-42 as 
compared to the S-4o: 
S-40 8-42 


Weight, Empty, lb. 21,000 19,764 
Gross Weight, lb. 34,000 38,000 
Equipment Weight, lb. 1,000 =, 181 
Crew Weight, tb. 1,000 ~=—1,000 
Gas and Oil (1000 miles) Weight, Ib. 7,800 6,692 
Payload, lb. 3,200 8,363 
Cruising Speed (rooo ft.), m.p.h. 115 157 
High Speed, m.p.h. 137 182 
Horsepower 2,300 2,800 
Fuel Consumption (cruising, per hour), gal. 140 162 
Landing Speed, m.p.h. 65 65 
Range, miles 1,000 1,000 
Time, hr. 8.7 6.37 
Wing Loading 19.5 28.58 


“Here is an indicated increase in the S-42 of 5163 lb. pay- 
load over the S-40. If equal payloads are considered, that is, 
7500 lb., the range for the S-40 is 479 miles and for the S-42 
is 1130 miles, an increase of 651 miles. 

“The extensive test made with the S-42 made it possible 
to make some interesting comparative measurements. With 
the engines of the S-42 throttled down to 575 b.hp. to conform 
with the b.hp. of the S-40’s Hornet ‘B’ engines, the speed 


obtained was 163 m.p.h. as against 137 m.p.h. obtained from 
the S-4o. 
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“The improvement in efficiency of the S-42 is better ex- 
emplified if a study is made of the cruising speed of the S-42 
against the S-40, using equal horsepower in each case. Using 
432 b.hp. per motor, the S-40 cruises at 115 m.p.h.; while 
with the same power and an increased gross weight of 4000 
lb. the S-42 cruises at 145 m.p.h., an increase of 30 m.p.h. 

“From an economic viewpoint, that is, comparing load 
carried against fuel consumed, an important deviation is 
found. Each plane using the same horsepower and the fuel 
consumption per hour of the S-42 being 144 gal., and that of 
the S-40 140 gal., the following ton-mile per gallon is given: 


Pay load, Tons 


Miles per Gal. (1000 miles) lon Miles per Gal. 
S-40 0.82 3300/2000=—1.65 1.35 
S-42 1.0 8505/2000—4.25 4.25 


“In view of the fact that operating and maintenance costs 
are based on flying hours, consideration is here given to that 
item. Equal in size, the S-40 is again taken for our analysis. 
The unit of maintenance and operating costs per hour being 
considered equal, we find that for each flying hour the S-4o 
is credited with (1.65 tons x 115 miles) 189.75 ton-miles, and 
the S-42 (4.25 tons x 145 miles) 616.25 ton-miles.” 

Of course these improvements in performance must not be 
attributed e::clusively to an improvement in aircraft design, 
as the Pratt & Whitney Aircraft Corp. furnished the greatly 
improved “Hornet” engine and the Hamilton Standard Pro- 
peller Co. made possible the use of controllable-pitch pro- 
pellers. We have, however, by no means reached the end of 
the possibilities open for refinement and improvement in 
both design and performance of flying boats. Innumerable 
achievements will be made in the future as a result of im- 
proved engines, propellers and airplane design. 

In analyzing the general problems connected with the 
design of flying boats as compared to the problems in the 
design of land transports, we find that, although in the basic 
phases the problems are similar, the flying-boat designer 
diverges from the landplane designer’s viewpoint in several 
important features. Under average conditions the landplane 
transports will need a range of not more than 700 miles; the 
transoceanic flying-boat will, however, need a range of several 
thousands of miles. The cruising speed of flying boats as 
compared to landplanes is of much less importance, as the 
existing 160-m.p.h. cruising-speed of the most modern flying 
boat is already five to six times in excess of the operating 
speed of the best modern surface vessel; while the 200-m.p.h. 
speed of land transports is only three times or two times in 
excess of the speed achievement recently made by railroad 
trains. 


Nada — 
: 3 no 
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Fig. 1—The “Hornet”—Powered Sikorsky 
Flying-Boat S-42 
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Fig. 2—The “Hornet”—Powered Sikorsky 
Flying-Boat S-40 


Comfort and space per passenger are much more important 
in a flying boat than in a land transport due to the longer 
trips to be made without stopping. This fact is evidenced 
by the brilliant inauguration of the new era of regular trans- 
oceanic transport flying recently accomplished by Pan Ameri- 
can Airways with its well-organized scheduled round-trip 
flight from California to Hawaii. Spacious compartments, 
good sleeping and dining accommodations, and service on 
board with the possibility of moving about, are of prime im- 
portance. In the construction of transcontinental railroad 
trains and transoceanic surface vessels the best possible facili- 
ties for passenger comfort are always considered, resulting in 
special observation lounges, spacious dining salons, libraries, 
promenade decks, and the like. 

With respect to the size of the aircraft, there are several 
conditions which point to the usefulness of increased size in 
the future flying boats as compared to land transports. In 
the latter case, the great frequency of departure is of value 
because of the relative short distance to be covered and it 
has been generally found that small ships can be used suc- 
cessfully. In the case of North Atlantic transoceanic flying 
boats, the frequency of departure is of less importance as a 
tremendous saving in time is made, reducing perhaps the 
time involved from five days to 24 hr. per trip. Obviously, 
daily departures will be made. Long air trips of possibly 
24-hr. duration will necessitate two shifts of crew; namely, 
eight professional men, not counting the stewards. This fact 
and the large amount of equipment on board would call for 
a substantially larger payload to justify it. Further, the im- 
proved efficiency and seaworthiness with respect to the in- 
creased size of flying boats are indicative of the possibilities 
offered; therefore, it is probable that in the immediate future 
we will see flying boats of up to 100,000 lb.; and in a decade 
or so flying boats of several hundred tons probably will make 
their appearance and will prove to be an efficient and com- 
fortable means of transportation. 

With respect to airworthiness, the conditions are similar to 
those of landplanes except that less importance must be given 
to landing-speed limits and to the distance necessary for 
take-off, as large flying boats are usually operated from harbors 
which are always located at sea level, and which are far in 
excess in size to that of the conventional airport. On the 
other hand, great emphasis must be given to the ability of 
the craft to withstand storms in the air. The long-distance 
flights make weather forecasts unreliable and call for such 
characteristics in a flying boat that will permit withstanding 
the heaviest storms safely in the air. This quality necessi- 
tates heavy wing-loadings. A simple aerodynamic study 
shows that the action of a squall or of a vertical air-gust be- 
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comes more violent as the wing loading decreases. There- 
fore, a heavy wing-loading combined with ample horsepower 
per square foot will be found desirable. This fact appears 
well confirmed by the comparatively heavy wing-loadings of 
sea birds. The disadvantages of heavy wing-loadings, namely, 
difficult take-off and fast landings, are avoided by the use of 
specially designed flaps and the controllable-pitch propellers. 

Many advantages, particularly in seaworthiness, are found 
in connection with the construction of larger-size ships, as 
the inherently easier take-off of the larger flying boat permits 
better shapes for seaworthiness. Charper and more refined 
V-bottom hulls will be used. With respect to structural limi- 
tations, the hydrodynamic and aerodynamic advantages ot 
large planes, particularly flying boats, may be pointed out. 
As the size of the boat hull increases, the displacement, and 
therefore the normal loading, grows as the cube of the linear 
dimensions, while the air resistance increases approximately 
as the square; in fact, even less because of the scale effect and 
because many auxiliary parts, such as pilot windows, doors, 
handles and many other items, do not increase proportionately 
in size. In line with this the water characteristics improve 
as the size increases, and high aerodynamic efficiency, offer- 
ing high cruising speeds, becomes entirely possible for the 
large seaplane. Thus we can see that by increasing the size 
of the flying boats the all-round performance and efficiency 
may improve in spite of certain difficulties connected with 
cheir construction. 

With regard to altitude, I believe that some 12,000 to 20,000 
ft. with oxygen occasionally supplied to the occupants and 
possible slight supercharging of the main cabins will be sufh- 
cient. I suggest this altitude as at this height the plane will 
be clear of the majority of air disturbances and will be capable 
of substantially improving its cruising speed as compared with 


the cruising speeds at lower altitudes. While stratosphere 
flying is possible, I believe that the contingent limitations and 
difficulties of increased weight and complicated design, result- 
ing from the necessity of an airtight cabin, will permanently 
keep the major part of the air traffic below the stratosphere. 

As stated originally, there will be many improvements in 
flying-boat design in the future. There will be general re- 
finements in accordance with scientific data obtained from 
the N.A.C.A. and other scientific institutions. There will be 
routine aerodynamical refinements in respect to resistance and 
interference. There will be a further increase of wing loading 
as a means of increasing the efficiency as well as safety of the 
plane. Increased wing-loading is becoming possible by the 
use of new devices such as improved flaps, boundary-layer 
control, propeller brakes and other devices. Further, as time 
goes on, I believe that higher landing-speeds will be justified 
and will be permitted, especially for flying boats. Drag will 
be reduced throughout. In some cases special devices per- 
mitting streamlining in the air of various parts of the bottom 
of the boat as well as a retraction of the side floats will be- 
come practical where high efficiency is needed. The design 
will be made cleaner by eliminating the outside engines and 
enclosing blower-cooled power-units entirely in the wing with 
propellers protruding fore or aft. 

The development of flying boats is of great importance, 
particularly to the United States, as it offers a basic means 
of rapid contact between this country and the major part of 
the world. I believe that we will shortly see daily departures 
for Europe and the Orient of most luxurious large flying 
boats. Civilization demands a fast and comfortable inter- 
national air-service, and in this age of progress in air trans- 
portation the fulfillment of these demands will soon be 
realized. 


Harmful Effects of State-Legislation Trends on Motor Transport 


ITH the presentation of 5000 bills in the 1935 Spring’s 

crop of State-Legislature endeavors, there is no question 
but that this phase of motor legislation requires careful 
watching. There is great need for engineering judgment 
coupled with legal endeavor, particularly at this time, to 
check impractical legislation. The recent ruling by the Motor 
Vehicle Department of the State of Rhode Island, requiring 
of commercial vehicles a speed of 20 m.p.h. on a 4 per cent 
grade, is indicative of what might be enacted into legislation 
without sufficient engineering consideration. 

Kansas inaugurated the “Port of Entry” law which was 
originally designed to check the contents of all liquid-fuel im- 
porting-trucks. It now covers all trucks and buses for the 
collection of taxes and mechanical inspection. The tax col- 
lected amounts to 114 cents per mile for a gross load up to 
15,000 lb.; 2 cents per mile for 15,000 to 25,000 lb.; and 3 
cents per mile for over 25,000 lb. A new law requires all 
vehicles carrying intoxicating liquors to report at an estab- 
lished port of entry and have the cargo duly inspected and 
sealed. There is a $2.50 charge for such inspection in addi- 
tion to all other fees and charges. 

New Mexico has just created a “Port of Entry” Board along 
the lines of the Kansas example, with fees of *%4 to 3 cents 
per mile depending on the gross weight and with provisions 
for inspection. Maine has set up six ports for checking the 
weight on the registration card. 


Such legislation is unnecessary if the laws are properly 
enforced by the States’ own Highway Patrols. Conditions 
simulating Colonial days are reoccurring and we might as 
well have forty-nine countries instead of a United States. 
Imagine a Port of Entry at the Holland Tunnel! Neverthe- 
less, bills are being presented in many states for such Ports. 

The Pennsylvania Public Service Cormmission has strangu- 
lated intrastate transportation by making it practically im- 
possible to secure permits. To prove the evidence of neces- 
sity for such service is practically impossible. As a result, 
home industries are rotting or being driven out of the State. 
The condition is unbelievable in this 20th century, savoring 
rather of the Dark Ages. All trucking is done by interstate 
trucks, bringing in goods manufactured in other states. This 
is an example of regulation for industrial suicide. In contrast 
to this, the Wisconsin Public Service Commission has held that 
transportation services and operations performed by the rail- 
roads and various motor carriers are so dissimilar that an 
identical rate-basis would .do justice neither to the carriers nor 
to the shipper. 

Further legislation on compulsory inspection, use of portable 
flares and clearance lights, has made headway. 

Excerpts from the paper “What's the Destination for Motor 
Transportation” presented at the Semi-Annual Meeting of the 
Society, White Sulphur Springs, West Va., June 17, 1935, by 
Austin M. Wolf, automotive consultant, New York City. 
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Brake Drum and Lining Development 


By Chris Bockius 


Raybestos-Manhattan, Inc. 


and 


J. Harold Hunt 


Motor Wheel Corp. 


N this paper, the authors have made no men- 

tion of the various types of brakes used in any 
of the tests, and have endeavored to avoid par- 
tiality to any particular type of brake drum or 
lining, as each fills a particular need which can 
only be determined by the individual require- 
ments of each car manufacturer. 


Brake drums and brake lining must be con- 
sidered together in present-day brake engineer- 
ing. The manufacturers of both products. have 
found it necessary to carry on extensive develop- 
ment programs in order to improve the perform- 
ance of their respective products. 


Test results should not be a matter of opinion, 
or subject to a wide variation in the personal 
equation. Therefore, this paper is devoted to a 
general description of the latest inertia-type 
brake-drum-and-lining testing-dynamometers, giv- 
ing illustrations of both machines and descrip- 
tions of the functions of the various attachments. 
followed by an outline of the general methods at 
present in vogue for their use. 


No attempt has been made to present actual 
test-data, and a general discussion is given regard- 
ing the use of the machines at present. The dis- 
cussion leads to but one conclusion—the neces- 
sity for exact and thorough evaluation in order 
that the performance characteristics of drums 
and lining can be definitely established and classi- 


fied. 


This can only be brought about by the devel- 
opment and use of special laboratory equipment 
such as is described, which can be relied upon to 
give consistent data, eliminating the human ele- 
ment and other variables which enter into the 
various methods of road testing. 
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Detroit, Jan. 17 


OR the last several years engineering attention has been 
| peosntara! very strongly on passenger-car brakes and, 
as a result, brake design and structures of the com- 
ponent parts have received concerted attention, not only from 
the designers of the brakes but from the suppliers of brake 
drums and brake linings. Until just recently, the brakes have 
not been subject to the careful analysis and testing inaugurated 
in recent years. The automotive-engineers’ attention to the 
performance of the brake has made it necessary for the sup- 
pliers of brake drums and brake linings to make very care- 
ful studies of their products which took the matter of brake 
performance out of the realm of personal opinion and reduced 
brake characteristics to concrete values expressed in terms 
which are fairly well understood by the industry, such as has 
been the custom, for example, with the internal-combustion 
engine. The purpose of this paper is to delineate some of 
the equipment required for brake tests, together with the 
methods employed to interpret the resulting data obtained. 
Increased traffic on the highways and the higher speeds of 
today are demanding better brake performance, and this 
problem is one which has received a great deal of attention 
these last few years. Lowering the center of gravity, and ef- 
forts to produce better riding, have brought the smaller wheel 
into very general use and have limited the diameter of brakes, 
particularly on the larger cars. With the streamlining of 
bodies, the entire brake assembly is being housed to such 
an extent that heat is becoming a very serious problem. All 
of these factors combine to make the retarding of a motor 
vehicle one of the major engineering problems of today. Both 
drums and linings play an important part in the problem and 
a vast amount of research work has been done along this line, 
and in this paper the authors have endeavored to show how 
we have proceeded to meet the demand for an answer to this 
problem, and conclude with a discussion of general results 
obtained. The paper is divided into parts covering the de- 
scription of the test equipment, test methods, materials and 
types, test data, and discussion of the general results obtained. 
Mention of any particular type of brake is purposely avoided, 
as it is not the purpose of this paper to go into any particular 
specific problem relating to brakes. 


Test Equipment 


Equipment for testing brake lining and brake drums may 
be divided between laboratory machines and road-test cars. 
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Laboratory Equipment.—Laboratory machines for testing 
brake lining have been varied in design. The tendency has 
been to eliminate any test equipment which does not use 
the full brake assembly. Manually operated machines are 
apparently being superseded by full-automatic controls to 
eliminate inaccuracies of manual operation, and machines of 
this type are described as follows: 

The Raybestos-Manhattan Dynamometer was designed for 
the particular purpose of testing brake lining and is, there- 
fore, equipped with special means for mounting the drums 
and backing-plate assemblies carrying the brake shoes and 
operating mechanism. The machine is of the inertia-weight 
type. At the time of the brake application, the flywheel is 
rotating without driving force, and the energy absorbed by 
the brake is the kinetic energy stored in the flywheel. 

The flywheel has a variable speed range of 205 to 820 r.p.m., 
approximating car speeds of 18 to 73 m.p.h. based on a 30-in. 
tire-diameter. The flywheel consists of a webbed steel-casting 
and forty-four 14-in. steel discs, the diameter being 42 in. 
The casting weighs approximately 600 lb. and each disc 
weighs approximately 112 lbs. The kinetic energy developed 
can be varied from 8120 ft-lb. to 133,500 ft-lb. from the lowest 
to the highest speeds, with the flywheel casting only. With 
additional flywheel discs, the kinetic energy can be varied 
from 59,500 ft-lb. to 980,000 ft-lb. from the lowest to the 
highest speeds. These ranges in kinetic energy would com- 
pare to one-fourth of the kinetic energy developed by vehicles 
ranging in weight from 3000 to 22,000 lb. 

Figs. 1, 2 and 3, show the dynamometer with its operating 
and control tables. The following description explains the 
mechanism and instruments, and their application: 

The main motor is started or stopped by a snap switch (1) 
and then the proper speed is set by means of a vernier rheo- 
stat (2). Dial (3) is set for the proper time-stop cycle. Dial 
(4) is adjusted to set in operation at any desired brake stop 
the three Bristol recording-strip charts (5-6-7). These charts 
move at the rate of 12 in. per min. The time-stop cycle is 
controlled by a set of gears (8) working against electrical 
contacts (g), the gears being driven by a telechron motor. 
The time cycles may be set to operate at 1, 2, 3 or 4-min. 
intervals. The three Bristol recorders are operated through 
a set ot gears (10) which are geared to the telechron motor- 
shaft. The machine runs fully automatic once it is started 
If desired to apply the brake at any time other than the set 
time-cycle, push button (11) is applied manually. 

The master cam (12, under case) working on a plunger 
supplies the hydraulic-line pressure to a hydraulic brake or 
to another hydraulic cylinder to operate a mechanical brake. 
The speed of the cam (12) is varied by means of a rheostat 
(13) that controls the speed of the motor (14); but, once 
the proper speed is determined, it is never changed. The 
hydraulic-line pressure to the brake is recorded on the Bristol 
recorder (5) and the Ashcroft-Hancock hydraulic gage (15). 
The torque output of the brake is recorded on the Bristol 
recorder (7) and the Ashcroft-Hancock gage (16) by means 
of the hydraulic cylinder (17) located at the end of the torque 
arm (18). 

The input to the brake may be varied by applying dead 
weights (19) which are lifted by means of line pressure from 
the master-cam cylinder (20, under case) to cylinder (21) 
which allows the plunger of the cylinder (21) to float be- 
tween set limits. In order that the travel of the plunger 
(21) is always within its limits, there is a set of three in- 
dicating lights (22-23-24). Thus, when light (24) is lit, 


it indicates that plunger (21) has no line pressure behind it. 
When weights (19) are lifted, light (23) shows and stays lit 
as long as the proper lift is maintained. If the travel is too 
much, light (23) goes out and light (22) is illuminated, giv- 
ing a warning signal. The travel is reduced by turning the 
handle of the compensating cylinder (25). The three lights 
are controlled by means of a set of three gears with electrical 
contacts (in box, 26) and operated by means of a lever (27) 
connected to weights (19). 

In order to maintain the proper level of the torque arm (18) 
which rests on a plunger in a cylinder (17), the location of 
the plunger may be varied by means of the volume of liquid 
from the cylinder (28). 

Cam-lever arm (29), which varies the amount of hydraulic- 
line pressure to the brake, is operated to maintain a constant 
output of the brake when making a “drag test” with a con- 
tinuous rotation of the flywheel. Cam lever (29) is released 
before closing switch (30) which energizes solenoid coil (31) 
thus causing bar (32) to limit the travel of lift-cylinder 
plunger (21). At the time of closing switch (30), the master 
cam (20) starts rotating and stops when reaching its high 
point, with the motor still rotating. It is then possible to 
obtain any line pressure to the brake to maintain a constant 
torque output of the brake. Cylinder (25) supplies the liquid 
to the master cylinder (20) when its volume is too low and 
when different-sized brake-cylinders are used. 

The Bristol recording-strip chart (6) records the revolu- 
tions of the flywheel to stop, and operates as follows: As soon 
as brake torque is developed, the electrical contact (33) at the 
end of the torque arm (18) energizes the solenoid coils (34) 
which in turn closes the friction clutch (35) driven by a 
chain (36) from the flywheel shaft. The friction-clutch (35) 
shaft is connected by means of a chain to the Bristol recorder 
(6). The action is practically instantaneous when brake 
torque is developed. Arm (37) is for setting the gearbox 
(38) ratio of flywheel shaft to Bristol recorder (6) which is 
necessary for changes in speed of the flywheel or changes in 
the torque output of the brake. 

Push button (39) is used when making a “slow-down” 
test, thus not allowing the flywheel to come to a dead stop. 
When the electrical circuit. is closed, the cam (12) starts to 
rotate, releasing the hydraulic-line pressure to the brake and 
allowing the flywheel to pick up to set speed. 

Instrument (40) is a Bristol pyrometer which indicates 
brake-lining temperature. Instrument (41) is a tachometer, 
reading in revolutions per minute of the flywheel. The 
magneto for the tachometer is coupled to the main-motor 
armature-shaft. The air-pressure blower (42) is belted to the 
flywheel shaft and cools the brake drum. The main motor 
(43) is a 30 hp., 115 to 230-volt direct-current machine, chain 
connected (44, in case) to the flywheel shaft. The motor speed 
is 2.44 times as fast as that of the flywheel. A portable 
brake-drum turning-lathe may be inserted on the main base 
to turn the brake-drum surface concentric with the backing- 
plate assembly. The mechanism is available to accommodate 
hydraulic, cable or lever-operated mechanical-brakes, or air- 
operated brakes. The illustrations show an air-operated truck- 
brake assembled for test. 

Description of the Operation of the Machine During a 
Complete Brake-Test Cycle.—Set dial (3) for the desired time 
cycle; snap switch (1) to start the main motor; set vernier 
rheostat (2) for the desired flywheel speed; set dial (4) for 
the desired period to operate Bristol recorders (5-6-7); and 
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snap the switch which is next to switch (1) to start the 
telechron time-cycle motor. 

When the selected contact, for example (9), is closed, it 
operates the interlocking relay‘, which engages the friction 
clutch that operates through a *%4-hp. motor (14) armature 
shaft, being actuated by solenoid coils, thus driving a re 
duction unit of 244 to 1 ratio. The slow-speed shaft of the 
reduction unit carries an insulated revolving disc and shoes 
which progressively open a series of contacts mounted on a 
stationary member. Contact No. 1 interlocks the time-cycle 
relay. Contact No. 2 (operated by a separate insulated shoe, 
while all other contacts are operated by a shorter shoe) opens 
the circuit to the main motor. Contact No. 3, through a re- 
lay, starts the three Bristol recording-strip charts to move at 
the selected cycle period. Contact No. 4 stops the reduction 
unit when the master cam (20), which is mounted on the 
slow-speed shaft of the reduction unit, is at its highest point, 
thus holding the set hydraulic-line pressure to the brake until 
the flywheel stops. Then contacts (33) open and, by means 
of a relay, the reduction unit starts to rotate, thus brin~ing 
the master cam to its low point and relieving the line pres- 
sure from the brake. During this rotation of the reduction 
unit, contact No. 5 stops the Bristol recorders; contact No. 2 
closes (coming in ahead of contact No. 1 due to the lenath of 
the shoe) thus starting the main motor to set speed; then 
contact No. 1 opens, breaking the interlock of the time-cycle 
relay until the next cycle. 

Raybestos-Manhattan, Inc., has in progress of construction 
two more similar machines, but which have improvements 
and higher flywheel speeds. For example, instead of a fixed 
automatic time-stop cyc'e of 1, 2, 3 and 4-min. intervals as 
already mentioned, the new machines will have an autor 


atic 


1To limit over-travel of the high-speed shaft of the reducti 
magnetic friction brake 1s applied the moment the friction clutch 
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time-stop-cycle clock, varying from the shortest possible oper- 
ating time between stops to a maximum interval of 10 min. 


Key to the Raybestos-Manhattan-Dynamometer 
Illustrations; Figs. 1, 2 and 3 


(1) Switch for starting the main motor 
2) 


Vernier rheostat for controlling the speed of the main 
motor 


(3) Time-stop-cycle dial 
(4) Dial for setting the Bristol recorders to operate 


(5) Input to the brake; Bristol pressure-recording instru- 
ment 


(6) Revolutions of the flywheel to stop; Bristol instrument 


(7) Output of the brake; Bristol pressure-recording instru- 
ment 


(8) Time-stop-cycle gears 

(9) Electrical contacts for (8) 

(10) Gears tor operating the electrical contacts to oper- 
ate (5), (6) and (7) 


(11) Push button to start the mechanism to apply the 


brake 


(12) Master cam which applies hydraulic-line pressure; un- 
der a cover 


(13) Rheostat for controlling the speed of the motor that 
drives the master cam 
(14) Motor that drives the master cam 


é 


(15) Hydraulic gage; recording the input to the brake 


= 


(16) Hydraulic gage; recording the output of the brake 
(17) Hydraulic cylinder which produces output torque of 
the brake 


(18) Brake torque-arm 


(19) Weights for increasing the hydraulic-line pressure 
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(20) Hydraulic cylinder for master cam; under a cover (26) Gears and electrical contacts controlling lights (22), 
per- (21) Hydraulic cylinder for lifting weights (19) (23) and (24) 
nin. (22) Light (27) Lever for operating gears (26) 
(23) Light (28) Compensating hydraulic cylinder for setting the 
(24) Light height of the torque arm 
(25) Compensating hydraulic cylinder for controlling the (29) Cam lever to control the constant torque-output ot 
volume of liquid to the brake the brake 
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(30) Switch to energize solenoid (31) 

(31) Solenoid coil to move bar (32) 

(32) Bar to lock movement of weights (19) 

(33) Contact points to close circuit to solenoid coils (34) 

(34) Solenoid coils to close friction clutch (35) 

(35) Friction clutch to drive Bristol instrument (6) 

(36) Chain to drive the gearbox from the flywheel shaft 

(37) Arm for setting different gear ratios 

(38) Gearbox for controlling travel of the pen for Bristol 
instrument (6) 

(39) Push button to release the brake 

(40) Bristol pyrometer 

(41) Weston tachometer 

(42) Air-pressure blower to cool the brake drum 

(43) Main motor; 30 hp., 115 to 230 volts (D.C.) 


(44) Chain connection from the main motor to the fly 
wheel shaft 


The Motor Wheel Corp. Dynamometer 


The Motor Wheel Corp. Dynamometer was designed for 
the particular purpose of testing brake drums and accompany 
ing parts and is, therefore, equipped with special means for 
mounting the drums and the backing-plate assemblies carry- 
ing the brake shoes and operating mechanism. The machine 
is of the inertia-weight type. At the time of the brake appli- 
cation the flywheel is rotating without driving force and the 
energy absorbed is the kinetic energy stored therein. The 
flywheel has four rotating speeds: 354, 476, 718 and 956 
r.p.m., approximating car speeds of 30, 40, 60 and 80 m.p.h. 
The kinetic-energy load can be varied from 22,703 ft-lb. to 
710,103 ft-lb. This represents a car weighing from approxi- 
mately 3000 to 13,000 lb. The mechanism mounted on the 
tail pillow-block is to apply the brake and absorb the result- 
ing torque. The power to apply the brake is furnished by a 
General Electric Co. Thrustor. Mechanisms are available so 
that hydraulic, cable or lever-operated brakes can be accom- 
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modated. We can best explain the mechanism, instruments 
and their uses, by referring to Figs. 4, 5 and 6, ot the switch 
board and the dynamometer. 

The motor is started or stopped by means of push button 
(10) after the proper speed (6) and stop interval (5) have 
been selected. The stop interval is controlled by mechanism 
in box (1) and can be selected by (5) so as to stop once 
in I min., once in 2 min. or once in 3 min. The machine 
runs fully automatic after being started. It it is desired to 
operate it manuaily, switch (8) can be set accordingly. Switch 
(9) operates the thrustor (19) on the dynamometer non 
automatically. 

Instrument (2) is a speed indicator reading in number of 
revolutions per minute. Instrument (4) 1s an Esterline speed 
recorder with fast and slow paper-feed. A speed-time chart 
of a stop can be drawn with a paper teed of *% in. per sec., 
giving a good open chart trom which decelerations can be 
accurately determined. Trip (7) operates the fast paper- 
feed. Instruments (2) and (4) get their energy from tachom 
eter (31) which drives directly from the flywheel shaft. 
Instrument (11) is a low-pressure recording pressure-gage. 
This records pedal effort. Instrument (12) is an indicating 
pressure-gage. Instrument (13) is a high-pressure recording 
pressure-gage. These two instruments can be used selectively 
and interchangeably and are used to record or indicate either 
hydraulic brake-line pressure from master cylinder (18) or 
the torque-absorbing unit (15). Instruments (14) are re 
cording pyrometer potentiometers and record temperatures 
generated in brake drums and linings. These meters are 
connected to the pyrometer couples through the collector rings 
and brushes (26) and the leads (27). Temperatures at three 
locations can be recorded simultaneously and continuously. 

Hand wheel (2) controls the effort of the thrustor (19) 
which furnishes the pedal effort. The eleven flywheel weights 
(29) can be moved from active to idle position as the required 
load may require. The motive power is a 50-hp., 440-volt, 
A.C. motor (32) chain connected ((30) is chain case) to the 
flywheel shaft. The motor runs 1.28 times as fast as the 
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flywheel. There is no starting resistance, the switches clos 
ing directly across the line. 

We have a fixture to mount on this machine’ that will 
enable us to record graphically the deflections of a brake drum 
under brake stresses. The machine set up as shown carries 
the drum directly on the flywheel shaft; but, by the use of 
simple arbors a complete wheel, hub and drum assembly can 
be mounted. The machine will accommodate a tire diameter 
up to 40 1n. 

[his machine allows us to study the various kinds of a 
brake drum for: (a) Brake-drum performance and _ char- 
acteristics when stopping under varying loads and pressures; 
(6) brake-lining performance and characteristics; (c) brake 
drum and lining wear; (d) heat quantity, location, effect and 
flow; and (e) brake-drum deformations under braking loads, 
pressures and heat. 


Key to the Motor Wheel Corp. Dynamometer 
Illustrations; Figs. 4, 5 and 6 


Fig. 4—Instrument and Switchboard.— (1) Stop interval 
control-mechanism 

(2) Speed indicator in revolutions per minute 

(2) Pedal effect rheostat. (Controls thrustor pressure. ) 

(4) Speed recorder 

(5) Stop interval selector. (Selects for stop every 1, 2 or 
3 minutes. ) 

(6) Motor speed selector. (Four speeds.) 

(7) High speed chart control. (Gives paper speed of %4 in. 
per second. ) 
~ (8) Manual or automatic operation selector 

(g) Pedal effort manual switch 


2In the design of the foregoing machines, the Johns-Manville Corp. 
contributed the fundamental design of flywheel shaft. base, and main 
bearings. The other mechanical parts of the machine were designed and 
calibrated by D. J. Bonawit, and the operating control-mechanisms were 


designed by Judson A. Cook, both of The Manhattan Rubber Mfg. Division 


of Raybestos-Manhattan, Inc. The Motor Wheel Corporation’s machine 
was designed by its engineering department after conferences and utilizing 
data obtained from the foregoing companies. It was made to suit their 


requirements. 


; 





Fig. 5— The 

Motor Wheel 

Corp. Dyna- 
mometer 
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(10) Motor control button 

(11) Pedal effort recorder 

(12) Brake line pressure for hydraulic brakes 

(13) Torque recorder 

(14) Pyrometer recorders 

Fig. 5--Dynamometer.— (15) Torque-absorbing unit; hy- 
draulic, Motor Wheel design 

(16) Torque arm 

(17) Brake-application counter 

(18) Hydraulic master-cylinder; gage on the switchboard 

(19) Pedal-effect mechanism; General Electric Co. Thrustor 

(20) Electric relay for starting; it interlocks to prevent 
starting with the brake on 
(21) Brake-applying levers 
(2 


2) Torque shaft 
(23) Hand wheel for moving the pillow-block assembly 
(24) Backing plate, carrying brake shoes 
(25) Brake drum being tested 
(26) Pyrometer collector-ring and brushes; temperatures 


recorded 

(27) Pyrometer leads to the switchboard 

(28) Active flywheel weights; may be varied from light 
passenger-car to bus requirements 

(29) Idle flywheel weights 

(30) Chain and chain case 

(31) Tachometer 

(32) Fifty-hp., A.C. motor; four speeds 

Both organizations have test machines? antedating the fore- 
going equipment, but these machines have been described 
often and are known to the industry; therefore, it is not con- 
sidered pertinent to mention them. 


Road-Testing Equipment 


Road-testing equipment consists primarily of cars equipped 
with the various types of brakes for which drum and lining 
combinations are to be designed. The brake mechanism is 
always set to the manufacturer’s specifications. Both Motor 
Wheel Corp. and Raybestos-Manhattan, Inc., have full equip- 
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ment of various types of instruments for measuring pedal 
pressures, rate of deceleration, drum temperature and the like, 
which are so well known that a description is not considered 
necessary. 


Test Methods 


Laboratory.—In general, it should be stated that numerous 
methods of laboratory testing of brake lining have been in 
vogue, mainly consisting of testing small sections of the lin- 
ing. It can be said that all of these methods had some merit, 
and each contributed its part in the development of the pres- 
ent methods. However, the principal difficulty encountered 
with such test methods was the difficulty in interpreting test 
results in terms of car performance. In attempting to ar- 
rive at suitable laboratory test methods, it was found that the 
test equipment must incorporate all the essential parts of any 
particular brake mechanism in order to correlate laboratory 
tests and road-car tests. The tests employed by both com- 
panies are laid out to parallel actual road testing. The meth- 
ods of test are still relatively new and subject to change as the 
technique is developed. The present state of operation may 
be compared to the first attempts to use dynamometers to test 
internal-combustion engines, where it was necessary to de- 
velop the technique of test before the results were given much 
credence. 

Before these machines were employed for test purposes they 
were carefully calibrated by means of a prony brake, the cali- 
brations being based on the following mathematical formulas. 


Kinetic Energy of a Rotating Body 
Wve? W wr? 
E = - - = — — 
2g 2g 
in which 
E = kinetic energy 
W = weight of body, pounds 
v = linear velocity, feet per second 
g = gravity, 32.16 ft. per sec. per sec. 
w = angular velocity, radians per second 


If a body of weight W rotates about a fixed axis with an 
angular velocity w, the kinetic energy is as follows: 
Iw? 
. : 29 29 
in which 
k = radius of gyration, feet 
I = moment of inertia, lb.-ft.? 
W = weight of body, pounds 
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Fig. 6—Brake- 
Drum -Testing 
Dynamometer 
of the Motor 
Wheel Corp. 


Analogies of Linear and Angular Motions’ 


Quantity Linear Angular 
Time t t 
Distance or displacement  s 6 
‘ : v 2rR.P.M. 
Velocity v yg=—- = — - 
F r 60 
Acceleration ; a 
i 
Inertia Mass M = Moment of inertia J 
g 
Effort Force F=Mf Torque T=/a 
Momentum Mov Iw 
Impulse Ft=Mv Tt=Iw 
Work done = W Fs T@ 
Space average of effort W/s W/@ 
Time average of effort Mov/t Tw/t 


Kinetic energy 1/2Mv? 1/2] 
Kinematical equations w= at 

for uniform acceleration 6=1/2al? 
from rest in time ¢ v= 2fs w? =2 a0 


2In this table ] = Mk? = Wk?/g 


The first step is to calibrate the machine so as to find the 
corresponding car weights and flywheel weights. The weight 
of the flywheel is adjusted to correspond to that of the car, 
using the brake under test. Assuming that each brake does 
one-quarter the work of stopping the car, we have 


Wr? W wk? 
a ae Oro isl 
g g 


— 1/27? = 1/2] (2rn)? 
in which 


W = car weight, pounds 

v = car speed, feet per second 

g = gravity, 32.16 ft. per sec. per sec. 

w = angular velocity, radians per second 


k = radius of gyration, feet 
I = moment of inertia, lb.-ft.2 
n = revolutions per second 


Also, we have v 2 =rn where r = 


radius of the car tire 


in feet. 
We 
= [(2rn)? 
g 
W (22rn)? , 
—_——— = |(2zn)’ 
g 


AW r?r?n? 
= 4]x*n? 
g 


/ 4In?n2q I¢ 
W = — = —- 


Aer??? r 
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As the testing machine has only one brake unit, we have 
Ig 
1/4W = — or, 
as 


: 4] 4I X 32.16 128.641 sas 
We te cee a Reems (1) 


ted in’ r 





When ¢ is expressed in inches, Equation (1) becomes 


128.641 x 144 185501 
Y= oe (2) 
is 
The calibration of the inertia machine consists in determin- 
ing the moment of inertia of the rotating system for a vary- 
ing number of discs on the flywheel. See Table 1. 
i Tt Tt 
I =s ~ = —S> = - 
a w 2mn 
in which 
T = known torque, pound feet 
I = moment of inertia, Ib-ft.? 


{ = stopping time, seconds 
a = average angular deceleration, ft. per sec.? 
n = revolutions per second 
w = angular velocity, radians per second 
] Tt X 60 9.548Tt 
2nN- N 


where ¢ is expressed in seconds and N in number of revolu- 
tions per minute. 


As this formula does not allow for windage, bearing fric- 
tion and the like with no torque applied, the formula will be 
as follows: Let 


T = torque in pound feet applied by prony brake 

T,= torque in pound feet applied by friction in the bearings 
armature, chain, windage, etc. 

average deceleration, ft. per sec.* 

angular velocity, radians per second 

= initial speed, r.p.m. 

moment of inertia of rotating system, lb-ft.? 

= stopping time of flywheel in seconds 

= total torque 


’ 


I 


Sa meee 
| 


T+T, = Ile (1) 


150 R.P.M. 
Number of e —. - is W — 


Since the system comes to rest, we have 
w = at or a = w/t w = 2xN/60 (2) 
a = 2rN/60t (3) 
Substituting this value for « in Equation (1), we have 


T + T; = I2xN /60t 


I2nN 
= ——-T7, or 
600 
0.10471N 
f- ———— -f (4) 


If the machine is allowed to idle down without the prony 
brake applied, T = o. Then 
(2xN) 0.10477.N 


i Sian { 65) 





The time ¢ is measured directly by a stop watch, and N 
is the tachometer reading. Then T, can be found in terms 
of I. 

In Equation (4) substitute the value for TJ, obtained in 
Equation (5). The values of T and ¢ are found by direct 
measurement; then solve for 7. For example: 


Number of discs thnk aye elated 10 

Time to stop without prony brake ..- 300 88c. 
Time to stop with prony brake and friction. .12.05 sec. 
Scale reading .. 30.9 |b. 
Length of torque-arm . —— | C 


| a eer re te er oe 150 r.p.m. 


Then we have T = (42 X 30.9)/12 = 108.15 lb-ft. and, by 
Equation (5), 7: = (22% * 150)/(60 & 100) = 0.1571/. 
By Equation (4), we have 
108.15 = (2% X 150)/(60  12.05)]}—0.1571 J 
and I = 94.3 lb-ft.? 


The curve in Fig. 7 can be made, which will enable one 
to find the corresponding moment of inertia to car weight hav- 


ing diflerent-size tires; using the equation ] = Wr?/18,550, 
in which W = car weight in pounds and r = tire radius in 
inches. 





Table 1—Calibration of the Laboratory Inertia Machine With a Prony Brake® 








250 R.P.M. 





Dises 

t ty T I 

0 5.40 45.8 107.8 41 
5 8.76 73.4 109.5 69 
10 12.05 100.0 108.1 94 
15 15.15 128.0 105.0 115. 
20 19.00 144.5 101.4 141. 
25 21.95 175.6 107.5 iti. 
30 24.90 196.6 108.0 196 
40 31.60 230.0 107.5 251 
44 34.70 257 .4 105.6 270 








_ = A 





t ty i I 
6 8.16 61.5 105.0 37.8 
5 13.27 83.8 104.3 62.7 
2 18.90 135.8 115.0 92.7 
0 24.10 173.5 110.3 118.0 
5 29.30 207 .2 107.0 139.5 
7 34.80 245.5 106.8 170.0 
5 39.15 273.2 112.5 196.0 
.0 51.15. 342.6 110.0 249.0 
.0 56.90 364.9 105.5 271.0 





2rN]I 2xNI 
*The formula is T'= - 


60 60, 
T = torque applied by the prony brake, lb-ft. 
N = flywheel r.p.m. 
I = moment of inertia, |b-ft.? 
t = stopping time of the flywheel in seconds, using the brake. 
t; = stopping time of the flywheel in seconds, not using the brake. 
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I (Moment of Inertia) 








Car Weight, Ib. 


Fig. 7—Curves Enabling the Determination of the Corre- 
sponding Moment of Inertia to Car Weight with Differ- 
ent Sizes of Tires 


After the machine is calibrated and the moment of inertia 


found for each disc, the curve in Fig. 8 can be drawn. From 

a given curve in Fig. 7 the corresponding moment of inertia 
« < é < 

to car weight is found; then, using the curve in Fig. 8, the 


proper number of discs for the flywheel is found which cor- 
responds to car weight. 

The following formula will give the “effectiveness” of the 
brake, which is defined as the deceleration per unit force 
on the actuating member of the brake, that is, the cam leves 
or cable. In the case of the hydraulic brake, the effectiveness 
is defined as the deceleration per unit of line pressure. The 
equation for mechanical or hydraulic brake-effectiveness is 
E d/l, in which d deceleration in feet per second per 


second and / pull on the brake in pounds. Then 


5280 me 2 
(3500" ) 
vy? 3600 


2.15V2 
d = - = = . : - 
2S 2S 2S 
in which 
v = velocity, feet per second 
V = velocity, m.p.h. 


S = stopping distance, feet 


The symbol / = recorded line pressure in pounds on the 
hydraulic gage, as applied to the hydraulic brake, is the same 


as cable pull in pounds for the mechanical brake. Therefore, 





’ 2.15V? 1.075V? 
E = ———— = —— 
2Sl Sl 
3 
+ 
@ 
£ | 
ye | 
oO } 
* | 
c | 
5 
= | 
} 
< 
n, | 
| 
L 2 





Number of Discs 


Viste 


Fig. 8—Curve for Determining the Proper Number of 
Dises for the Flywheel Which Corresponds to Car Weight 
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The charts, Figs. 9 to 15, are used to determine the proper 
setting of the machine to suit a particular car, and the method 
used is presented by the following example: 


Calculations for Brake Stops 
The calculation of deceleration in feet per second per second 
tor brake stops is as follows: 


x 6.00-1N,. ure 


348 r.p.m. of the fly 


Assume that the car has a 17-in. 
Brake stops to be at 30 m.p.h., or at 
wheel 
Deceleration to be 10 ft. per sec. per sec. 
Feet to Stop (of Car 
Velocity (Ft. per Min. tevolutions of Flywheel to Stop 
Flywheel R.P.M. 


hence 
Car Deceleration of 10 Ft. per Sec. per Sec 
967.9 


30 X 5280 7. 
oe x Revolutions of Flywheel to Stop 
60 
348 
127.5 


tevolutions of Fly wheel to Stop 


Let S be the scale reading on the chart in Fig. 12. Then 
we have: 
. 127.5 xX 10 1275 
Gearbox Ratio 2 to 1 = 
Ss S 
; : 127.5 «* 5 637.5 
Gearbox Ratio 4 to 1 
< < 
; 27.9 X 2.5 318.75 
Gearbox Ratio 8 to 1 = 
S S 
: : 27.0 X 1.25 159.38 
Gearbox Ratio 16 to 1 — 
S S 
Hence, car deceleration of 10 ft. per sec. per sec. 637.5/S; 


and § 637.5/10 63.75 with a gearbox ratio of 4 to f. 
Therefore the input to the brake must be of a certain value 
so that the pen ol the “revolutions of flywheel to stop” in- 
strument must stop at a scale reading of 63.75. 

Another way of checking this result is as follows: The 
reading 63.75 indicates that the flywheel stopped in 12% 
revolutions after the brake was applied. The circumference 
of a 17-in. x 6.00-in. tire is 7.50 ft.; or, from the chart in Fig. 
14, we find that the 30-m.p.h. with the 
348-r.p.m. line to give 7.59 ft. per revolution of the flywheel. 


Hence, 7.59 times 12*%4 


curve intersects 
96.79; that is, the total number of 

And 967.9 90.79 
sec. per sec. as the deceleration of the car. 


feet to the stop of the car. 10.0 ft. per 





When installing the brake mechanism in the test machine, 

has been found necessary to indicate the drum after it has 
been mounted on the flywheel shaft to insure perfect con- 
centricity with the brake assembly. The brake lining is 
mounted on the shoes and prepared according to the brake 
or the car-manufacturer’s specifications. 

The following types of brake-lining tests are made on the 
Raybestos-Manhattan inertia machine: (1) Performance, (2) 
drag, (3) fade, and (4) pressure-deceleration. These are de- 
scribed as follows: 

(1) Performance—The flywheel speed is set to represent 
a given car-speed in miles per hour. The input to the brake 
is held constant, or varied so as to obtain a constant torque- 
output of the brake which is automatically recorded. The 
brake is applied automatically at a 1, 2, 3, or 4-min. time- | 


“3 4 
cycle. The time to stop and the number of revolutions to 
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stop of the flywheel are automatically recorded, which is 
interpolated to rate of deceleration in feet per second per 
second, as shown by the example already given. 

(2) Drag—tThe flywheel is rotated continuously to repre- 
sent a given car-speed in miles per hour. The input to the 
brake or the output of the brake can be varied or held con- 
stant. When the output of the brake is held constant, it 1s 
done manually as previously described. 

(3) Fade—The flywheel speed is set to represent a given 
car-speed in miles per hour. One or more trial stops are made 
with a cool brake drum so as to obtain a known input to the 
brake to get a desired output of the brake in feet per second 
per second deceleration. When this is obtained, then every 
brake application is made with a constant input, recording the 
variable output. The brake is applied every 45 sec. or less, 
depending upon requirements. 

(4) Pressure-Deceleration- -The flywheel speed is set to 
represent a given car-speed in miles per hour. The lowest 





4000 6000 8000 10000 12000 14000 16000 18000 


ann 
INV J 


. bh 
Car Weight, Ib 


Fig. 9—Curves of Moment of Inertia versus Car Weight 
for Different Sizes of Tires 
The formula is J—WR?/18,550, in which J is the moment 


of inertia; W, the car weight; and R, the tire radius in 
inches 


input at which the brake is effective is used at the start of the 
test, and the input is then increased on each successive stop in 
equal increments. The operation of the brake is automatic, 
but the operator must apply dead weights to a lift cylinder to 
obtain each increase in the input. The time to stop and num- 
ber of revolutions to stop are recorded. The time cycle is set 
at 3 Or 4-min. intervals to allow the drum to be reasonably coo! 
between stops. The operating system of input to the brake 
is hydraulic (except for air brakes), and the output of all 
brakes is hydraulic. 

The controls of this machine are sufficiently flexible to per- 
mit many variations of the several conventional tests already 
mentioned. It is possible to control accurately and record the 
results of all brake tests; that is: 


(a) Control of input to the brake is accurate and graphically 
recorded 

(6) Control of speed is accurate 

(c) Torque output of the brake is graphically recorded for 
each stop 

(d) Variations in deceler>*ion from any speed and time to 
stop are graphically recorded 

(e) Temperatures are recorded 


b- #t2 


nertia,| 


! 
t 


Moment of 








0 5 s: t+ @& hss oe oe eh 
Number of Discs 


Fig. 10—Calibration Curve for the Laboratory Inertia 
Machine, Made with a Prony Brake 


({) Energy absorption of any type of brake can be made 
equivalent to the corresponding vehicle 

(g) Road surface, tires, weather conditions, the human ele- 
ment, and other variable factors are eliminated 

Motor Wheel Corporation’s tests were developed to show 
the drum condition and not brake or lining characteristics. 
Dynamometer load, brake and lining are determined either 
by what the customer uses or by the purpose for which we 
are designing the drum. 

Procedure for Running a Deceleration Curve—The ma- 
chine is set to operate at a speed equivalent to 30 m.p.h., the 
interval between stops to be determined by the time required 
to bring the temperature of the drum back to 100 deg. fahr., 
which temperature is used for the start of each stop. Four 
stops are made at each of the foilowing decelerations: 5, 10, 15 
and 20 ft. per sec. per sec. A record is made of line pres- 
sure or cable pull, stopping time, torque and drum tempera- 
ture. 

Cvoling.—Two couples are used in each drum, one in the 
center of the ring 0.050 in. from the braking surface and the 
other in the back, % in. from the braking surface and be 
tween welds. rivets, or whatever means is used to fasten the 
back to the drum ring. The couple in the drum ring is con- 
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Fig. 11—Curves of Flywheel Speed versus Car Speed for 
Different Sizes of Tires 


The formula is s = (8s, x 5280 x12)/607 D — 336s/D, in 
which s flywheel speed, r.p.m.; 8, car speed, m.p.h.: 
and D=tire diameter in inches. 
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Fig. 12—-Chart for Revolutions and Time to Stop of 


the Flywheel 


nected to a Hoskins instrument, and readings are taken every 
30 sec. These readings are also recorded on a Brown instru 
ment for check. The couple in the drum back is recorded 
on another Brown instrument. The third couple is placed in 
the air space inside of the brake assembly, and the tempera 
ture is checked at this point. 

The drum is heated up slowly by dragging the brakes at 
30 m.p.h., care being taken to give the assembly time to 
absorb the heat evenly in order to get as uniform results as 
possible. When the temperature in the ring reaches 600 deg. 
fahr., the brakes are released and the speed is changed to 60 
m.p.h. for cooling. Temperature readings are taken every 30 
sec., starting at 500 deg. and continuing until 200 deg. is 
registered. The time elapsed between these two tempera- 
tures is the cooling time for this particular drum. To approxi- 
mate road conditions, a fan is used to direct a light blast of 
air over the brake assembly during this test, and the tempera- 
ture of this air is also recorded. 

Distortion.—Deflection readings are taken at the open end 
Y, in. from the face of the drum; at the closed end % in. from 
the back flange; midway between these two points; and on 
the back 4 in. from the braking surface. Circumferentially 
around the outside diameter of the drum, readings are taken 
at the anchor and opposite the anchor; also, at the points 
where the toe, center and heel of each shoe contacts with the 
drum. 

On these tests, machine speeds equivalent to 40, 60 and 80 
m.p.h. are used. At each of these speeds stops are made at 
a deceleration of 10, 15 and 20 ft. per sec. per sec. for stop- 
ping time. 
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Fade and Recovery—The drum is brought to room tem. 
perature and ten stops are made from 60 m.p.h. at 1-min. in- 
tervals at 15 ft. per sec. per sec. deceleration. The speed is 
then changed to 4o m.p.h. and the time interval to 2 min. 
and ten more stops are made to determine where recovery 
takes place. Readings of temperature, line pressure or cable 
puil, stopping time and torque, are taken for each stop. 

Destruction—The dynamometer is operated at 40 m.p.h. 
until the lining shows about 75 per cent contact. A stopping 
time of 8 sec. is used at the start of this period, and this is 
gradually decreased to 4 sec. One hundred stops are then 
made from 60 m.p.h. at 2-min. intervals with a stopping time 
of 6 sec. Speed is then increased to 80 m.p.h. and the follow- 
ing stops are made at 3-min. intervals: 25 each at 8 sec., at 6 
sec., at § S€c., and at 4 sec. 

If the drum is still in satisfactory condition, the load is in- 
creased by adding one disc to the flywheel and repeating the 
8o-m.p.h. stops. 


Road Tests 


The various organizations working with brakes for auto 
motive use have evolved varying methods of test, which in the 
main have been found to yield data covering their particular 
designs. This condition has apparently led to a multiplicity 
of tests, all presumed to yield the same identical results. It 
may be entirely practical to evolve a series of tests which 
would satisfy all designs of brakes. On the other hand, some 
of the special tests employed have been evolved because they 
have a particular bearing on a certain design of brake and 
may not be applicable in the same manner to other brake 
designs. 

Car tests are laid out with the idea of determining the per 
formance of the brake lining and brake drums under vary 
ing service conditions. Without going into too great detail, 
some of the important considerations affecting brake _per- 
formance and the methods employed in car tests to determine 
brake-drum and brake-lining characteristics, are as follows: 

Preparation.—Detailed instructions are issued governing in- 
stallation, brake adjustment, and the like. 


Breaking-In.—A short preliminary run at moderate speed, 
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Fig. 13—Curves of Number of Revolutions of Flywheel 


to Stop versus Number of Feet to the Stop of the Car 

The formula is 8, (V,/8s) N, in which S, = stopping 

distance, ft.; V velocity, ft. per min.; s : flywheel 

speed, r.p.m.; and N, the number of revolutions of the 
flywheel to stop. 
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Fig. 14—Curves of Flywheel Speed versus Stopping Dis- 
tance in Number of Feet per Flywheel Revolution 
The formula is Se==V:/s in which S,.==stopping distance 
in number of feet per flywheel revolution; V,; == velocity, 
ft. per min.; and s = flywheel speed, r.p.m. 


with mild brake applications, to adjust lining surfaces to rea- 
sonably perfect bearing against drum surfaces. 

General Performance.—A series of brake applications under 
carefully standardized conditions, which attempt to hold the 
energy absorbed constant for a definite cycle. The cycle may 
be comprised of stops from any specified speed on approxi- 
mately level roads, or may cover a schedule of brake applica- 
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tions over a definite course including level and hill roads. 
During this period the brake performance is logged by ex- 
perienced test drivers and observers. 

Deceleration Tests—Generally, at the start and at definite 
intervals during the performance rup, brake characteristics are 
measured with pedal pressure and deceleration indicating in- 
struments. These tests comprise a series of stops from a 
definite speed, at pedal pressures ranging from the lowest 
pressure at which the brake is effective to the maximum pres- 
sure at which brakes cause tires to skid. The stops are spaced 
at intervals sufficient to permit heat dissipation and maintain 
uniform cool drum-temperature for each stop. The pedal 
pressures and rate of deceleration are recorded, and graphically 
charted. 

Fading Test——A test to determine characteristic perform- 
ance of the brake with increasing conditions of temperature, 
comprised of a series of brake applications from a relatively 
high speed, generally in quick succession or at very short 
intervals. Either pedal pressure may be held constant and 
rate of deceleration recorded for each stop, or rate of de- 
celeration maintained constant and the varying pedal pres- 
sure recorded. The results are graphically charted. 

Recovery Test—This test is run in conjunction with the 
foregoing “fading test.” Immediately after the fading test, 
another series of brake applications are made at greater time 
intervals, during which the drums are gradually cooling to 
approximately normal temperature. 
charted. 


Water-Recovery Test.—This test relates to the performance 


Results are graphically 


Fig. 15.—Deceleration Chart - 














Feet to Stop 





Deceleration, 


Ft. per Sec. At5 Ati10 At15 














At 25 At30 At35 At40 <At45 At50 At55 At60 At65  At7O 

per Sec. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. m.p.h. 
1 26.8 107.5 241.9 480.2 672.2 967.9 1317.5 1720.8 2177.9 2688.8 3253.3 3871.9 4543.9 5269.5 
3 13.4 53.7 120.9 215.1 336.1 483.9 658.2 860.4 1088.9 1344.4 1626.6 1935.9 2271.9 2634.7 
3 8.9 35.8 80.6 148.4 224.0 322.6 439.1 573.6 725.9 896.2 1084.4 1290.6 1514.6 1756.5 
4 6.7 26.9 60.4 107.5 168.0 241.9 329.3 480.2 544.4 672.2 813.3 967.9 1135.9 1317.3 
5 5.4 21.5 48.3 86.0 134.4 1938.5 263.5 344.1 435.6 537 .7 650.6 774.3 908.7 1053.9 
6 4.4 17.9 40.3 71.7 112.0 161.3 219.5 286.8 363.8 446.1 6588.23 G4645.3 767.1 876.5 
7 3.8 15.3 34.5 61.4 96.0 188.2 188.2 245.8 311.1 384.1 464.7 553.1 634.8 752.8 
8 S.3 13.4 30.2 53.7 84.0 120.9 164.6 215.1 272.2 336.1 406.6 483.9 567.9 658.7 
9 29 11.9 26.8 47.8 74.7 107.5 146.4 191.2 241.9 320.9 361.4 4380.2 504.8 585.5 
10 2.7 10.7 24.1 43.0 67.2 96.7 181.7 172.0 217.7 268.8 325.3 387.0 4654.3 526.9 
ll 2.5 9.8 21.9 39.1 61.1 87.9 119.7 156.4 197.9 244.4 205.7 3651.9 413.0 479.0 
12 2.2 8.9 20.1 35.8 56.0 80.6 1089.7 148.5 181.4 224.0 271.1 322.6 378.6 439.1 
13 2.0 8.2 18.6 33.1 51.6 74.4 101.3 182.3 167.5 206.8 260.2 207.8 3.5 6.3 
14 1.9 7.6 17.2 30.7 48.0 69.1 04.1 122.9 155.5 192.0 2382.3 276.5 324.5 376.3 
15 1.8 14 6.3 B66 4.8 GES 87.8 114.38 145.2 179.2 216.8 258.1 302.9 3651.3 
16 1.6 6.7 15.1 26.8 42.0 60.4 82.3 107.5 1386.1 168.0 208.3 241.9 283.9 329.3 
17 2.o 6.3 4.2 2.3 23:5 &.9 77.5 101.2 128.1 158.1 185.4 227.7 267.2 309.9 
18 1.4 6.9 234 233.9 @a 8.7 73.1 95.5 120.9 149.3 180.7 215.1 252.4 202.8 
19 1.3 5.6 12.7 22.6 3.3 %.9 69.3 90.5 114.6 141.5 176.4 208.7 239.1 277.3 
20 ie §.3 123.0 21.5 33.6 48.3 65.8 86.0 108.8 134.4 162.6 193.0 227.2 263.4 
21 1.32 5.1 11.5 20.4 32.0 46.0 62.7 81.9 103.7 128.0 154.9 184.3 216.3 250.9 
22 3.2 4.8 10.9 19.5 30.5 43.9 59.8 78.2 98.9 122.2 147.6 175.9 206.5 239.5 
23 a 4.6 30.5 86.7% 2.2 4.86 57.2 74.8 94.6 116.9 141.4 168.3 197.5 229.1 
24 | 4.4 10.0 17.9 28.0 40.3 54.8 rp es 90.7 112.0 185.5 161.3 189.3 219.5 
25 1.0 4.3 96 T2 Bese. B.7 §2.7 68.8 87.1 107.5 1380.1 154.8 181.7 210.7 
26 1.0 4.1 9.3 16.5 25.8 387.2 50.6 66.1 83.7 108.4 125.1 148.9 174.7 202.6 
27 0.99 3.9 8.9 15.9 24.9 35.8 48.8 63.7 80.6 99.5 120.4 148.4 168.2 195.1 
28 0.96 3.8 8.6 15.3 2.0 34.5 47.0 61.4 77.8 96.0 116.1 138.2 162.2 188.2 
29 0.92 3.4 8.3 14.8 23.1 33.3 45.4 59.3 75.1 92.7 112.1 1838.6 166.6 181.7 
30 0.90 3.5 8.0 14.3 22.4 32.2 43.9 57.3 72.5 89.6 108.4 129.0 151.4 175.6 
32.2 0.83 3.3 7.5 138.3 20.8 30.0 40.9 53.4 67.6 83.5 101.0 120.2 141.1 1638.6 
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of the brakes after they have been thoroughly saturated with 
water. After the brakes have been wet with a hose or by run- 
ning through a water trough, a series of stops are made to 
determine the effect upon brake performance. Either pres- 
sure is held constant on all stops and rate otf deceleration 
recorded, or a desired rate of deceleration may be maintained 
and pedal pressure recorded. 
graphically charted. 

Durabiiity—The durability of brake parts is determined by 
measurements taken on brake lining and drums at the start 
(or after preliminary break-in), and at various periods 
throughout the duration of the test run. 


Results are recorded and 


These tests may be combined in any particular order as 
specified; thus, a specimen road-car test-schedule is as fol- 
lows, covering a complete run: 


Brake-Lining-Test Procedure 


Preparation —(1) Use new set of drums. Turn drum sur- 
face on lathe. Clean surface with high-test gasoline 

(2) Record diameter and wall thickness of drums in three 
places, 120 deg. apart 

(3) Rivet lining to shoes and grind surtace of lining to 
fit drums 

(4) Record thickness of lining on its shoe in three places, 
at toe, center and heel. Use a “C” clamp at the place of mea 
surement so as to remove any clearance between lining and 
shoe 

(5) Assemble brakes and adjust in accordance with car 
manufacturer’s instructions. Ail the brake linkage, cables, 
pins, etc., should be inspected for correct position and lubri- 
cated before the brakes are adjusted. Check brakes for 
equalization . 

(6) Passenger cars will carry 300 |b. of ballast, not includ 
ing the driver 

Run-In—(7) Make 500 stops from 30 m.p.h., one stop per 
mile, at a deceleration of 12 ft. per sec. per sec. Run the car 
at 30 to 35 m.p.h. between stops 

(8) Centralize brakes and equalize 

(9) Make 20 m.p.h. and 40 m.p.h. deceleration tests 

(10) Pull all wheels. Inspect to see whether lining is in 
full bearing (90 to 100 per cent contact on primary shoe lin- 
ings and 70 per cent contact on secondary shoe linings). If 
linings have not attained sufficient bearing, further instruc- 
tions will be issued 

(11) Measure the thickness of lining on shoes 

(12) Reassemble, adjust, centralize, and equalize brakes 

(13) Make a “Fade Test” as follows: (a) Make three stops 
from 70 m.p.h. (or maximum speed) as rapidly as possible, 
trying to maintain constant deceleration of 12 ft. per sec. per 
sec. Record initial and final pedal pressure for each stop, and 
give the final deceleration of each stop if 12 ft. per sec. per 
sec. cannot be maintained 

(5) After the foregoing stops, run at 15 m.p.h. to cool the 
drums, and try the brakes during the cooling period by mak- 
ing approximate traffic stops (slow-downs) at quarter-mile 
intervals. Observe if there is any tendency for the lining to 
deteriorate or “bleed,” thereby causing a build-up in friction 
or a grab, or a loss in friction and “hardening-up” of the 
pedal. Continue as above for approximately five miles 

(14) Make a “Water Test” as follows: (a) Wet the brakes 
thoroughly by either of these two methods: (1) Apply a 
high-pressure spray-nozzle for 4 min. at each wheel; (2) run 
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the car back and forth slowly in a water trough for 2 min, 
wetting the entire circumference of the drum 

(6) Drive and make stops from 20 m.p.h. at 1/10-mile 
intervals, using maximum pedal pressure and recording de- 
celeration. Continue until the brakes recover. Note any 
tendency to grab, or noise, or otherwise erratic performance 
during this test. 

If the lining 1s considered satisfactory after the foregoing 
tests, it may be released for durability tests. 

(15) Durability Tests—(a) Make 20 stops from 30 m.p.h., 
2 stops per mile, at a deceleration of 15 ft. per sec. per sec. 

(6) Run 3% miles at a speed of 30 m.p.h. to cool the drums 

(c) Make 1 stop from 55 m.p.h. at a deceleration of 15 ft. 
per sec. per sec. 

(d) Run 3% miles at 30 m.p.h. 

(e) Repeat the above cycle (a to d) until a total of one 
thousand 30-m.p.h. stops have been made 

(16) Centralize brakes and equalize 

(17) Make 20 and 4o m.p.h. deceleration tests 

(18) Pull all wheels. Record the wear of the lining and 
the conditions of the drums and the lining. If the drums are 
scored or grooved by metal in the lining, discontinue the 
test 

(19) Repeat items (15) to (18) until scoring of the drums 
or unsatisfactory performance warrants discontinuance of the 
test. 

A more severe test for accelerated-wear test may be made 
using the following schedules of stops: 

(a) Fast-Wear Test—Drums and lining are checked and 
installed as in the foregoing test and then a series of tests 
are made as follows, until the lining is worn to the rivets. 
Drums are inspected after every 10 cycles. 

5 stops-—7o m.p.h. to stop—2-min. intervals. 

The car is then driven 2 miles at 50 m.p.h. 

10 stops—3o0 m.p.h. to stop—'4-min. intervals 

10 stops—4o m.p.h. t 


a 


» 20 m.p.h.—'4-min. intervals 

7 stops—6o m.p.h. to 25 m.p.h.—'4-min. intervals 

10 stops—25 m.p.h. to stop—!,-min. intervals 

The rate of deceleration would be governed by the car and 
the type of brake used 

(6) Ligonier Hill Test—On the level stretch at the top of 
the hill a stop is made from 30 m.p.h. at a deceleration of 15 
ft. per sec. per sec. The pedal pressure required for this stop 
is used to indicate when the drums and lining have returned 
to normal on the recovery test. The car is then driven down 
the hill in free wheeling, holding the speed to 35 m.p.h. with 
the brakes. At the bottom, 10 stops are made from 60 m.p.h. 
at a rate of 15 ft. per sec. per sec. deceleration, one every 30 
sec. The speed is then dropped to 30 m.p.h. and 10 recovery 
stops made at 2-min. intervals. Pedal-pressure range is taken 
on all of these stops. When the pressure on the recovery stops 
equals that required at the top of the hill, the drums and lin- 
ing have recovered. 


Materials and Types 


At present, the following types of drums are in use: (a) 
stamped—both low and high carbon; (4) steel ring fastened 
to a light-steel back; (c) full cast iron of various compositions; 
(d) steel and cast-iron ring fastened to a light-steel back; and 
(e) cast-iron ring with back of light steel, cast-in. 


It is felt that the foregoing nomenclatures are sufficiently 
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descriptive and that they are generally understood by the in- 
dustry. 

Brake-lining types may be classified as follows: (@) molded 
pulp, (4) impregnated asbestos-sheet, (c) folded and com- 
pressed, and (d) woven 

(a) Molded-pulp linings consist essentially of short-fiber 
asbestos, combined with inert pigments, and bonded with 
rubber, synthetic resins, drying oils, or combinations of these 
binders. The mass is usually hot-pressed hydraulically to 
form the lining. It is furnished in flexible strips or rigid seg 
ments. 

(6) Impregnated asbestos-sheet consists principally of pure 
asbestos-sheet impregnated with a suitable binder, formed and 
heat treated. It is furnished in rigid segments. 

(c) Folded and compressed linings consist of woven-as- 
bestos cloth, impregnated with a compound of rubber and 
inert pigments, plied together in strips to give the required 
width and thickness, then hydraulically compressed and vul- 
canized. This lining is generally furnished in rolls, but can 
also be formed in semi-rigid segments. 

(d) Woven linings. At present, there are several varia- 
tions of the woven types of lining. The simplest form con- 
sists of asbestos yarn woven into a tape and saturated after 
weaving, rolled to size, and heat treated. It is furnished in 
rolls. ' ater types are made with asbestos yarns in which pig- 
ments are incorporated together with suitable binders. Some 
of these types are in the flexible state and are furnished in 
rolls; others are finished as dense semi-rigid segments. 


Test Results 


It is not considered pertinent to this paper to present 
volumes of test results which have been obtained by the use 
of our laboratory and road-car test-equipment. The authors, 
in formulating this paper, are merely attempting to outline 
the present methods employed in the development of their 
products, and each design of car presents its own particular 
problems; therefore, it was not felt that it would be any ad- 
vantage to cite any particular specific cases. Hence, actual 
test results are not presented, but general results are dis- 
cussed as follows: 


Discussion of General Results Obtained 


Brake Drums.—The three major requirements to be con- 
sidered in the selection of a material suitable for brake drums 
are cost, performance and wearing qualities. The initial cost 
of the material must be low enough so that, when fabrication 
charges are added, the selling price will not be out of pro- 
portion to the service rendered. The item of performance 
covers heat dissipation, drum distortion, weight, form and 
coefficient of friction. Under wearing quality we must con- 
sider scoring due to various causes and breaking down of 
material structure due to excessive heat. 

When initial cost alone is considered, the low-carbon 
stamped-drum ranks first, but it is the worst offender for 
metal pick-up. By this is meant the flaking off of metal 
which includes itself in the lining and causes scoring. Our 
experience in both hill testing and laboratory leads us to be- 
lieve that heat is the big factor in causing metal pick-up. 
However, foreign substances in the drum and lining will 
also cause this abrasion. We have tested the following com- 


binations of steel in our search for a stamped drum which 
would resist scoring: 


Low Carbon  Nitrided Special Heat Treatment 
High Carbon Carburized Alloys Special Rolling Processes 
Special Metal Sprayed 
on the Braking Sur- 

face 

Some of these showed possibilities for brake drums, but 
gave trouble in manufacturing, or were prohibitive from a 
cost standpoint. We found we could score any of these, when 
high temperatures were reached, such as can be expected by 
long brake applications on a hill or extreme high-speed stops. 

The limit for cold forming a drum is about 0.30 per cent 
carbon and 0.50 per cent manganese. That in general use 
today is S.A.E. 1025 steel. High-carbon drums (that is, 
around 0.70 per cent carbon) are a step in the right direc- 
tion, but have certain disadvantages. To begin with they 
must be formed hot and, to get best results, should be heat 
treated. It is impractical to turn the braking surface of a 
high-carbon drum on account of hard spots, and grinding is 
not an economical operation. To produce the most satis- 
factory brake performance with stamped drums it is neces- 
sary to true-up the braking surfaces concentric with the brake 
assembly. 

Nitrided drums soon produce a polished, glass-hard brak- 
ing-surface, which results in an extremely hard pedal. Car- 
burized drums are too expensive and our tests have shown 
considerable tendency to warp with severe use. Alloy steels 
have proved prohibitive from a manufacturing standpoint 
and consequent high cost. Killed steel has shown no better 
than rimmed steel and is more expensive. Cross-rolled steel 
shows very good results from a performance standpoint, but 
we have been unable to form it cold without the difficulty of 
cracking. 

A new type of steel, which came into general use this year 
for stamped drums, is showing very good results. Our tests 
show an average of 30 per cent improvement over S.A.E. 
1025, that is, so far as scoring is concerned, especially where 
high-speed stops are made. This is a high-manganese steel 
containing a minimum of 1.40 per cent manganese. It is very 
little more expensive than ordinary steel. A number of car 
manufacturers will use this on their 1935 cars. 

suilders of commercial vehicles were the pioneers in de- 
manding a better drum. Having a bus or truck out of oper- 
ation because of lining or drum replacement was found to 
be very serious, as operation costs rose rapidly. As a result, 
solid cast-drums of special iron were developed and today, 
these, in some form or other, are almost universally used on 
commercial vehicles in this country. 

Builders of passenger cars realized that a drum with a cast- 
iron braking-surface would solve the worst of their brake 
problems. They were prevented from adopting this on their 
big production models, principally due to the increase of 
cost and unsprung weight. 

In extending the field of research for material, the com- 
posite or built-up type of drum was developed. First, a mill 
section of alloy steel was coiled and welded into a ring, form- 
ing the braking surface, and to this was fastened a light-steel 
back by either riveting or welding. This allowed the use 
of a higher-grade steel for the braking surface only and a 
back of ordinary steel of a much lighter section. By this 
method a lighter drum was produced at less expense than a 
solid alloy-steel drum machined all over, which had been 
used to some extent on some of the larger cars. The next 
step was to make a built-up drum using cast iron for the 
braking surface in combination with an ordinary light-stee! 
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back. This has been one of the major improvements in brake 
drums to date. 

The structure of cast iron is such that it does not pile up 
metal on the lining. The reason for this is that, basically, 
cast iron is a mixture of non-metallic element, or graphite, 
along with metallic components, which may be either ferrite 
or pearlite, or the combination of both. Due to this compo- 
sition, cast iron powders rather than tears as in the case 
with steel. 

We have found in cast-iron drums that a uniform pearlitic 
matrix shows a very small amount of wear. The iron in a 
drum should be free from hard spots, such as are most fre- 
quently caused by phosphides, known as “steadite”, or con- 
siderable machining difficulties are encountered. 
spots will also affect lining life. There should not be much 
free ferrite present, because this constitutent is soft; hence, 
it will wear fast and is not very strong, causing small cracks 
to develop which might cause failure eventually. 

We have tested several different types of alloy irons in 
cast drums with the idea of lowering drum wear. In the 
Centrifuse drum we use an iron containing 0.30 per cent of 


These hard 


chromium, due to its ability to resist structural change from 
the effects of heat, and by the use of other alloying elements, 
such as molybdenum and nickel, 
amount of wear improvement. 


we have shown a small 
The addition of molybdenum 
should be kept within the range of 0.25 to 1.00 per cent, 
if the maximum effect is to be gained by this addition. Any 
amount below 0.25 per cent does not show any noticeable 
improvement in wear, and above 1.00 per cent the advantage 
gained is more than offset by the cost and also does not 
improve the iron structure in proportion to the increased 
amount used. Our experience has shown 0.35 per cent to be 
best with all things considered such as cost, 
and wear. 


machineability 
With the same reasoning, 1.00 to 1.50 per cent 
nickel was the best range. However, cost also increases rap- 
idly with the use of nickel. Our results to date have shown 
a lowering of drum wear by the addition of these two latter 
alloys; however, the increased cost of material and loss of 
machineability have more than offset the gain made for cars 


in the low and medium-price class. 


Built-Up versus Stamped Type 


One of the big advantages that the built-up type of drum 
has over the stamped type is the distribution of the weight 
in the ring to counteract distortion. This item of drum dis 
tortion may be divided into three parts: (@) The tendency 
of the drum to assume an egg shape at a brake application; 
(6) the open end spreading more than the closed, or bell- 
mouthing; and (c) the tendency of the braking surface to 
assume a wavy condition due to excessive heat. When the 
brake is applied, the drum is forced out of shape propor- 
tionate to the stresses set up on the shoe at that point. The 
point of maximum deflection varies with the type of brake 
used. A light drum will show a distortion of about 0.020 to 
0.030 in. for a medium-fast stop, so there is quite a move- 
ment for an emergency deceleration. It is very seldom that 
a drum will take enough of a permanent set, due to this 
cause, to affect brake operation. 

The ideal section to counteract distortion across the face 
of the drum would be one which distributed the braking 
forces equally over the shoe. This would be a section having 
equal rigidity at the open and closed ends and enough 
strength at the center to prevent bowing. One end of the 
drum must be open, and this can only be strengthened with 
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a ange. The closed end of the drum is held very rigidly 
by means of the back, especially where the stock goes to 
3/16 in. and over. There also is no way to increase the area 
of a stamping at the center to prevent bowing without adding 
a rib of some kind to this section. 

The worst distortion is that of the braking surface due to 
heat. This does not occur at ordinary braking, but only with 
very severe usage. When a sheet of metal is formed into a 
drum, stresses are set up and these show as black spots on 
the braking surface after several high-speed stops and the 
resulting heat. These are the areas of high unit-pressure and 
continued operation will turn them blue from the heat local- 
ized at these points. Occasionally, composite drums also show 
these spots, but not as pronounced as the stamped. One fast 
stop probably starts this distortion, but a lot of ordinary 
usage laps the high places down as, at times, they can be 
seen, but the indicator will not record them. When this 
excessive heat is continued, as in dynamometer or hill work, a 
very wavy condition of the braking surface may be developed. 
An indicator will show spots as high as 0.012 to 0.015 in. 
in a very short section of the circumference. This spotty 
condition of the braking surface is one of the worst causes 
of brake chatter. A few 0.003 or 0.004-in. spots can be felt 
through the brake pedal. 


Composite Drum Combats Distortion 


One of the reasons for developing the composite drum was 
to combat distortion. With a stamped drum, the degree of 
flexibility at the open and closed ends is limited. By making 
the ring and back two separate units, the open end of the 
drum can be held rigid by means of a good heavy rib. The 
closed end can be kept flexible by using a light back, as the 


torsion: il load does not run very high. W ‘he n the open end 


or bell- minted the back is bent 
in. This movement can be retarded by forming the back tc 
resist a movement in this direction. 

Distortion is not confined to the drum alone, as all of the 
units which go to make up the brake mechanism are sub- 
jected to strain which throws them out of their original 
position. In one of the tests made to analyze brake problems 
from high-speed stops, an observation basket was hung on 
the front end of a 5000-lb. car and stops of 25 to 30 ft. per sec. 
per sec. were made from 80 m.p.h. 


of a drum is forced out, 


As viewed from this 
point the torsional strain set up in the axle, springs and back- 
ing plates, causes one to wonder how these parts continue to 
stand up under such tremendous loads. 

Dissipating the heat rapidly from a drum to prevent dis- 
tortion is a problem that has received a lot of attention. 
Theoretically, the amount of heat generated in stopping a 
3000-lb. car from 60 m.p.h. at a deceleration of 20 ft. per sec. 
per sec. is about 475 B.t.u. This heat is generated in 4.4 sec. 
or at the rate of 150 hp. per min. This is enough heat to 
raise the temperature of an ordinary 5/32-in. drum-ring about 
300 deg. fahr. If this same heat is applied to a drum ring 
made from 3/16-in. stock, the temperature will reach only 
about 240 deg. fahr. A composite drum with a section 4 in. 
thick and a heavy rib at the open end will show a tempera- 
ture rise of about 175 deg. fahr. for this same stop. 

For ordinary braking, there is not enough heat generated 
to offer any problem in heat dissipation. When high-speed 
stops are made at frequent intervals or the brake is used 
continuously for going down long hills, drum temperatures 
of 1000 to 1200 deg. fahr. are often recorded. At these tem- 
peratures the drum expands, shoes warp and the lining often 
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loses its initial characteristics and shows excessive wear. These 
items of drum distortion and scoring, erratic performance and 
excessive wear of lining and shoe distortion are the results 
of high temperatures. If we could find some method of 
keeping this heat down, a lot of brake problems would vanish. 
The easiest way to keep a drum cooler is by adding mass. 
With a given amount of heat and two bodies of the same 
material to absorb it, one being double the mass of the other, 
it is very evident that the lighter body will go to twice the 
temperature of the heavy body. This method adds to the 
cost and also to the unsprung weight, which are two features 
very important to the automobile manufacturer. Adding 
mass also affects the cooling, as a drum cools directly pro- 
portional to the temperature differential between it and the 
surrounding air. In the case of the heavy drum, the tem- 
peratures do not rise as high; consequently, the differential is 
not as great and the cooling is slower. In a drum of lighter 
section, the heat does not have to travel as far to reach the 
cooling medium, which also shortens the time of recovery. 
The greater the mass in the ring is, the longer it takes to 
reach detrimental temperatures. On the other hand, it ap- 
proaches the original cooler temperature much slower. Rapid 
recovery is one advantage in favor of the lighter drum. 


Method of Adding Cooling Area 


The best-known method of adding cooling area to a brake 
drum is by means of extended surface around the outside. 
This may be in the shape of ribs or heat cones. By the latter, 
we refer to extended surfaces, such as pyramids, staggered 
around the outer surface of the drum ring. This is one of 
the best methods we know of for dissipating heat, as the 
currents of air have a good chance to flow around the base 
of the projection. Staggering the rows of projections also 
breaks up the currents of air. This method, however, adds 
cost and at present is not warranted. 

A rib might be made more efficient by designing it with 
a thick base, tapering up to a thin edge. This would allow 
the heat to flow out fast. With the present construction of 
the brake assembly and car design, the air does not get to 
follow a straight path across the drums, so the full benefit of 
the ribbed construction is not obtained. On dynamometer 
tests, where the air has a chance to flow directly across, a 
production drum with ribs on it will show about ro per cent 
more cooling than a plain one of the same section. Increas- 
ing the cooling area of a drum 100 per cent by means of 
ribs or fins does not add that amount to the heat dissipation. 
Extended surface does not radiate heat as rapidly as prime 
surface due to the drop in temperature, which occurs as the 
distance from the source of heat increases. The rear drums 
are the hardest from which to remove the heat, as a constant 
stream of hot air flows over them from the engine and the 
muffler. 

Cost is a major item in the consideration of brake drums 
and in no small way has contributed to inadequate brake 
performance in the past. We believe, at present, that the 
car engineer is giving this more serious consideration and 
realizes he must add some cost to improve this condition. 
However, we feel in many cases that car engineers could go 
still further to provide a product which would be more satis- 
factory to both car owner and producer. 

The low-carbon cold-stamped drum is unquestionably the 
cheapest; then comes the high manganese, which can also be 
cold formed. The high-carbon hot-formed drum is consid- 
erably more expensive. Cast-iron drums of various forms 


come next; however, weight is a very serious objection in 
this form of drum, especially in the lower-price class. Next 
comes the stamped-back cast into an iron ring, which has a 
weight advantage over full cast and has proved very satis- 
factory. The back can be made very light, with flexible 
design possibilities. The cast ring can be produced from a 
wide range of analyses, some of which produce very satis- 
factory results and are not prohibitive in cost, provided ma- 
chineability is maintained. 

The Centrifuse drum is made by coiling and welding a 
band or ring to the shape required for the outside diameter. 
This is then preheated and the iron is cast into it centrifugally. 
By this means, a bond is made between the iron and the 
steel. Centrifugal casting produces a very fine-grain structure 
which, with the proper grade of iron, is uniform throughout. 
A big safety factor against drum bursting is added by this 
steel band around the outside of the cast-iron braking-surface. 

Weight is a factor which must be seriously considered as 
it is the desire of every engineer to reduce unsprung weight 
to a minimum; however, too much weight sacrifice in a drum 
is very detrimental to performance. A light drum will work 
better with some types of brakes than with others. However, 
with too light a drum, expansion will occur to the point 
where the pedal will go to the floor board. This can be 
helped by increasing stock thickness in the ordinary stamped 
drum or by section design in the other types. The drum 
should be heavy enough so that a series of high-speed stops 
can be made without losing the pedal. Just how many of 
these high-speed stops should be used as a yardstick is hard 
to determine, as lining is also a factor in such a test. 

The ratio of car weight to brake size and type is of vital 
importance in controlling drum wear. For example, a 3000-lb. 
car with 10 x 14-in. brakes may wear out the lining in 20,000 
miles with ordinary driving. By increasing either the width 
or diameter of the brake, this condition can be improved. 
Using a heavier-gage metal for a stamped drum will also help 
brake performance. We have found that replacing a stamped 
drum with a cast-iron drum of the same size increases brake 
efficiency to an appreciable extent. 

Drum life is of vital importance. This means that we must 
get a material which will resist cutting and scoring but will 
not polish to a point where coefficient of friction is lost. 
Hardness, therefore, enters as an important factor. Drum- 
section design plays a big part in performance and wear by 
maintaining a uniform contact with the brake lining under 
extreme conditions such as high heat and highly localized 
pressures. This would lead one to believe that the more 
rigid the drum section is, the better it is, but this is not the 
case. <A certain amount of flexibility is necessary, depending 
on size and type of both brake and drum. A good seal 
between backing plate and drum is very important as outside 
abrasives, such as sand, are likely to get between the lining 
and drum, causing the latter to cut or groove badly. 

The hardness of the braking surface of a steel drum can 
be altered by using a material that hardens due to work in 
cold forming, by heat treatment or by the use of alloy steels 
In the case of cast irons the hardness can be controlled by 
the rate of cooling of the iron, by heat treatment or by addi- 
tion of alloying elements to the original mixture. 


Brake Lining 


Some years ago, when all vehicle brakes were of the ex- 
ternal-band type with pressed-steel drums, it was possible to 
have one brake lining satisfy the requirements of practically 
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all car brakes. Now, due to the differences in brake design, 
size of brakes, weight of car with relation to brakes, types 
and designs of various brake mechanisms and drums, the 
brake lining is usually selected to function with the particular 
brake mechanism and brake drum. It does not necessarily 
tollow that a lining having certain frictional characteristics 
on cast iron will exhibit the same characteristics on a steel 
surface; conversely, it is often found that a lining suitable for 
steel surfaces is totally unsuited for cast-iron surface. At 
present the brake-lining manufacturer must be in a position 
to furnish all types of lining as mentioned under the heading 
Materials and Types, with a definite range of frictional char 
acteristics in each type. 

Our experience has been that previous laboratory-test equip- 
ment, using less than a full brake-unit, employed to determine 
the coefficient of friction of brake linings, has not shown the 
actual differences in performance characteristics between vari 
ous types of lining. As a usual thing the results of such 
laboratory tests have only been partially applicable to the 
same type and kind of material. It was quickly recognized 
that test-car performance did not coincide with such labora 
tary data. Thus it was necessary to employ the full brake 
mechanism to determine the actual frictional characteristics 
of the various types and kinds of lining. At first, attempts 
were made to determine the frictional characteristics of brake 
linings with road-car tests, and it can still be accomplished by 
this means. It is felt, however, that the laboratory machines 
already described yield identical data with the possibility that 
the tests will be under closer control for comparative results, 
due to the fact that the machines are operated automatically. 


Arbitrary Seale of Friction Values 


As our corporation is in a position to manufacture all types 
of lining, it has been necessary to establish an arbitrary scale 
of frictional values obtained with various brake designs and 
brake drums. It has been found in the last few years that 
combinations of various types of lining, or a difference in 
frictional characteristics of the same type, add materially to 
the performance of the brakes. The same combinations of 
linings have not been confined to all four brakes, but combi- 
nations may be varied between front and rear brakes. Where 
the engineer requires a high degree of brake performance 
within very narrow limits, it is essential to have exact data 
available relating to the actual brake performance of the 
brake lining, not only with one lining but in combinations. 
It can be readily seen that this entails numerous brake tests 
and, in order to have complete data, it would be necessary 
to operate a large fleet of cars if the brake-lining manufac- 
turer wishes to be in a position to make well-founded recom- 
mendations. In view of this point, and the expense of oper- 
ating road-test cars, the laboratory must be relied upon if 
for nothing else than to act as a medium of elimination and 
selection. The value of the laboratory equipment described 
is becoming more and more apparent in obtaining results 
quickly and clearly, as more experience is being obtained 
relating to the proper operation and interpretation of the test 
data obtained. 

During the several years’ experience with these machines 
it has been necessary to develop a technique in the use of 
the machine. It should be borne in mind that the test car 
carries four brakes, which may or may not be in perfect 
synchronization, while the laboratory machine only tests a 
single brake-assembly. This difference has unquestionably led 
to considerable confusion in the exact interpretation of road- 
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car data with laboratory-machine data, one or the other 
suffering by the comparison. in brake 


design and car weights, etc., it is not considered practical to 


Due to difference 


attempt to outline any definite and set methods of test similar 
to those which prevail with the dynamometer testing of 
internal-combustion engines. It should be pointed out that 
as our organizations become more familiar with the use of 
these machines and their range of possibilities, data shall be 
obtained which may be of more importance than data ob- 
tained with road cars. As an example, when these machines 
were first installed they were operated at moderate and con 
stant speeds, while the present tendency has been to employ 
varying speeds of operation, including the higher speeds. 
It has been found that quite varying results are obtained 
between low and high-speed operation, and it is very essential 
that the performance of brakes be determined at both the 
low and the high speed-ranges. Incidentally it has been found 
that the durability of brake lining is affected materially by 
a high-speed operation, and to operate a road car for a series 
of high-speed stops may be considered hazardous and requires 
ideal road conditions. 

Since unsprung weight is of such vital importance to the 
present trend of increased car-performance, consequent de- 
mand for better lining life without increasing brake size 1s 
essential. In view of these conditions it is necessary that 
exact determinations be made of the performance of the brake 
lining during tests of durability, because it is possible to 
obtain increased durability with linings showing. slightly 
lower frictional characteristics, or with linings high in lubri- 
cant but subject to drop in frictional properties at high tem- 
peratures. 

In view of these conditions it is becoming very important 
in the evaluation of brake lining to make very exact determi- 
nations of the performance of the brake lining. To obtain 
comparable data it is necessary that all test conditions be held 
constant for comparative tests. The conditions under which 
road cars operate from day to day and season to season, with 
the variations in relative humidity, temperature, road con- 
ditions, etc., may have quite an influence on the results 
obtained. Further, the performance of the car represents 
the average performance of the four brakes and does not dis- 
close lining characteristics on individual wheels. It can be 
said that we are principally interested in the performance of 
the brakes on the car itself; nevertheless, it is considered part 
of good engineering to reduce, if possible, all elements to 
unity. If in the development of linings we can closely deter- 
mine the performance of one brake-unit, it cannot help but 
improve the stability of four. 

We have avoided bringing into this discussion the respec- 
tive and relative merits of the various types of brake linings. 
This subject is far too broad, as each type has its character- 
istics and all have a wide range of possibilities which can be 
controlled with definite performance ranges. We are striving 
to determine exactly the performance of brake linings under 
the varying conditions of service, and the ideal brake linings 
can only be approached when our methods of determining 
the various characteristics are better understood, and per 
formance is not a matter of opinion but is established by 
definite data. 


Conclusion 


The foregoing discussion leads to but one conclusion; 
namely, the necessity for exact and thorough evaluation in 
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order that the performance characteristics of drums and lining 
can be definitely established and classified. This can only be 
brought about by the development and use of special labora- 
tory equipment such as already described, which can be relied 
upon to give consistent data, eliminating the human element 


and other variables which enter into the various methods of 
road testing. 

The authors hereby acknowledge the assistance they have 
received from H. D. McGinnis, of the engineering staff of 
Motor Wheel Corp., in the preparation of this paper. 


Passenger-Car Seat-Cushions of Cellular Rubber 


HE latest modern development of the rubber industry for 

improving the riding comfort of automobiles, buses, 
trucks, railroad cars, ambulances, and other types of vehicles 
in the transportation field is cellular rubber, a material that 
has been referred to as Dunlopillo and latex sponge rubber. 
It is now available for replacing springs and padding in pas- 
senger-car seats. 

During the last decade a tremendous amount of research 
work has been done in the application of latex to the manu- 
facture of rubber articles. Cellular rubber is one of the most 
important. Latex, as it is obtained from the tree, has a rubber 
content of approximately 38 per cent dispersed in water. It is 
centrifuged in special machines until the rubber content is 
60 per cent. At this concentration the latex is a milky-white 
fluid. A small quantity of ammonia (0.5 per cent) is added 
as a preservative. Vulcanizing agents and other compounding 
ingredients in water suspensions are added to the concentrated 
latex in definite proportions. To a given quantity of this 
mixture is added a small amount of a froth producing agent. 
This mixture is beaten into a froth by means of a dough 
mixer equipped with a special whip. The ratio of the volume 
of air to latex compound is controlled by the time of frothing, 
and is varied according to the density required in the final 
product. 

At the end of the frothing time, a small quantity of a gell- 
ing agent is added, which after a time interval of about 10 
min. will cause the froth to set to a gel-like formation consist- 
ing of countless interconnected air cells which provide com- 
plete porosity. 

This froth is poured into the molds directly after the froth- 
ing operation so that the gellation of the froth will occur in 
the molds, thereby forming the final shape of the product with 
the vertical cavities. As the froth is fluid when poured, com- 
plicated and deep molds of any structure or design may be 
easily filled. 

After the froth has thoroughly gelled, the molds are con- 
veyed through a tank of water maintained at 205 deg. fahr. 
The time of immersion is 60 min., during which time the 
product is vulcanized. Hot water replaces the air in the tiny 
bubbles during the vulcanization. 

The mold is now opened and the product removed. Most 
of the water in the product is then extracted by a centrifuge, 
after which the product is dried in warm air, trimmed and 
inspected, and is ready to ship. 

This unique method of manufacture gives a product pos- 
sessing unusual properties. The product should in no way be 
confused with ordinary sponge rubber, which has a cel! struc- 
ture but which is produced by an entirely different method, 
and which has very different properties. 

Although there are several variations, the general practice 
in producing ordinary sponge rubber is mechanically to soften 
the crude rubber by mastication between steel rolls until the 


original tough rubber has been changed to a plastic dough-like 
mass. A large quantity of softeners are added to soften the 
rubber further. 

Vulcanizing and chemical agents, plus other compounding 
ingredients are mixed into the softened rubber. The rubber 
in sheet form is placed in molds to be vulcanized. The appli- 
cation of heat during the vulcanizing period causes the libera- 
tion of a gas from the chemical agents, which swells the 
rubber and produces the sponge-like structure. 

It is necessary that the rubber be very plastic, so that the 
gas formed during the vulcanizing operation will be able to 
swell the rubber with little effort. Mechanical working of 
unvulcanized rubber plus large quantities of softeners im- 
pairs the physical properties of rubber. 

A sponge-rubber product usually has a graded texture, 
gradually increasing in density toward the surface and finally 
terminating in an impermeable skin. The cells are not con- 
nected, unless mechanically broken by passing the sponge rub- 
ber through a series of rolls. It is practically impossible to 
fill deep or complicated molds by this process. 

Regarding the construction of a cellular-rubber seat-cushion, 
the profile of a cushion will vary according to the height, 
width, slope, and appearance, and must be studied for each 
make and model of car. The internal structure consists ot 
ribs of varying widths, properly reinforced and spaced accord- 
ing to height of the cushion, density of cellular rubber, and 
load to be supported. Additional reinforcement may be had 
at the sides to insure stability, and at the front to give a firm 
edge for upholstering. The reinforcements at the front edge 
are so arranged that the feeling of softness is perceptible to the 
passenger. The ribs which run perpendicular to each other 
form vertical cavities. 

Due to high energy-capacity and hysteresis loss, rubber has 
very good vibration absorbtion and damping properties. In 
addition to the rubber itself, the cellular nature and the air 
contained in the molded vertical cavities, cellular-rubber 
cushions have damping and vibration-absorbtion properties of 
value. 

A cellular rubber cushion is mounted on a base, which may 
be ply wood, metal, or close-woven fabric. A hole is made 
under each molded cavity. Variation in the size of hole 
varies the damping properties of the cushion. The depth and 
density of the cushion and volume of air contained in the 
cavities also vary the damping properties. All these factors 
must be considered for the correct application of cellular rub- 
ber in each type of seat and model of car. 


Excerpt from the paper “Properties of Cellular Rubber for 
Passenger-Car Cushions” presented at the Semi-Annual Meet- 
ing of the Society, White Sulphur Springs, West Va., June 20, 
1935, by H. E. Elden, technical manager, Dunlop Tire & 
Rubber Corp. 


July, 1935 








Designing Valves and Related Parts 


for Maximum Service 


By Robert Jardine and R. S. Jardine 


Wilcox-Rich Corp. 


HIS paper calls attention to some of the short- 

comings of parts that are and have been in a 
continual state of change for many years, possibly 
more so than most other parts in an internal 
combustion engine. 


Little is said of inlet valves in comparison with 
exhaust valves because they generally are fairly 
satisfactory so far as tight seating is concerned, 
but they are open to the same improvements as 
to spring-locking devices as exhaust valves are. 


The principal essentials for exhaust valves are 
stated and commented upon, the shape a valve 
head on the exhaust side should have is discussed, 
and cylinder and valve-guide design are con- 
sidered. 


The use of no-lash hydraulic-type tappets is 
advocated because they keep quiet the numerous 
wearing joints in an overhead-valve operating- 
mechanism. In conclusion, the authors state eight 
specific points that an ideal engine should have 
with respect to its valves and their related parts. 


HIS paper calls attention to some of the shortcomings 

of parts that are and have been in a continual state ot 

change for many years, possibly more so than most other 
parts in an internal-combustion engine. There never has been 
a time in the last 20 years when an engine designer could 
really say that the valves of engines could be left without 
much attention. In spite of that, however, it has often seemed 
as though they received attention only after all other parts 
had been arranged to the designer’s satisfaction, the result 
often being that the cost of operation and upkeep of the en- 
gine has been unnecessarily high. However, there are today 
notable exceptions to this statement which prove that, given 


[This paper was presented at the Tractor and Industrial Power Equip- 


ment Meeting of the Society, Chicago, Dec. 6, 1934.] 
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proper attention, the valve need not by any means be the weak 
member in the assembly of hard-worked parts in spite of the 
doubling of power output and speeds which have been brought 
about by the demands otf motor-car users and made possible 
by the excellent construction, lighting, and balancing of most 
rotating parts and by the fuels now available. 

There are in service many installations in which valves have 
received no grinding and practically no adjustment for operat- 
ing periods during which 50,000 miles have been run off and 
some specially watched ones in which over 100,000 miles have 
been run off. The fact that they needed no grinding gen- 
erally means that no considerable adjusting is ever required 
because of either valve or cylinder misbehaviour. It would 
be quite possible, if an engine were built up with every ad- 
vantage taken of means for keeping the valve mechanism per- 
forming properly, for a manufacturer to guarantee his valves 
for the average life of a car, in the first owner’s hands, with- 
out much danger of its costing him much to make good his 
guarantee. 

Little will be said herein of inlet valves in comparison with 
exhaust valves because they generally are fairly satisfactory 
so far as tight seating is concerned, but they are open to the 
same improvements as to spring-locking devices as are ‘ex- 
haust valves. 

In aircraft engines power-outputs have been pushed so high 
that in some cases inlet valves get very hot while running and, 
when that condition arises, steels that retain the strength 
given them by proper heat treatment must be used. In other 
words, they must remain strong when moderately red hot. 
That, together with the need for materials in inlet valves that 
will not rust during long idle periods, may make of an air 
craft inlet-valve material a near approach to the type that is 
most successful on the exhaust side; but, for the average on- 
the-ground vehicle, a good structural steel of a type having the 
same life characteristics as those that any highly stressed steel 
part should have will generally do for inlet valves. 

In other than aircraft valves, in which stainless or non- 
rusting steels or the tungsten-content steels are used, we usually 
are content with a good chrome-nickel or chrome-molybdenum 
or straight-nickel steel having hardenable properties with ade- 
quate toughness. The carbon content of such steels usually 
does not exceed 0.60 and other ingredients can be in such 
proportions as would be used for good oil-hardened gears or 
shafts. If a maximum Rockwell hardness of 50 can be ob- 
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tained, that is sufficient for the harder ones; and most of them 
will show not over 40 Rockwell hardness on the “C” scale. 

Exception perhaps may be made of the tip hardness for those 
valves that are operated by rocker arms which make line or 
point contact with the valve stem, and here the practice is to 
weld on a tip of harder material either by butt or acetylene 
welding of some of the quite special materials like Stellite or 
other hard facing materials. For valves having a reasonable 
surface in contact with the tappet, no greater hardness than 
that given the stem at the spring-retainer undercut is usually 
necessary, and in some of the austenitic steels the cold-work 
hardening properties are so pronounced that these materials 
harden up on the tip by pounding without appreciable wear 
until they take on hardness high enough for the line-contact 
type of valve mechanism. In some cases the ends can be cold- 
worked during manufacture so that they will do very well for 
many overhead-valve jobs. 


Exhaust-Valve Essentials 


The principal essentials in exhaust valves are about as fol- 
lows: 

(1) Good strength at high temperatures because operating 
temperatures of the stems are going higher all the time 

(2) Good resistance to hot oxidation or burning, also, be- 
cause operating temperatures are increasing in the heads and 
seats 

(3) Maximum resistance to deformation or growth, or 
change in the structure of the steel that one would call re- 
sistance to warping 

(4) Reasonable hardness at moderately high operating tem- 
peratures and no tendency to air-harden on rapid cooling from 
any operating temperature 

(5) Resistance to etching effects of any of the products re- 
maining after combustion of the gases has taken place 

(6) Resistance to wear, pitting by indentation, and the pos- 
session of a low coefficient of expansion which allows of small 
tappet clearances and stem-diameter clearances 

(7) Design carried out with a good knowledge of what 
temperatures are likely to be met with and with the char- 
acteristics of the steels known so that dimensions may be 
fixed according to the strength of the material at its highest 
operating temperature 

At this point cylinder design in its effect on valve tempera- 
tures should be carefully considered, because it is safe to say 
that correct cylinder design can make relatively poor mate- 
rials perform satisfactorily and poor design may result in so 
much of an increase in valve temperature that the best mate- 
rials may not be good enough; and certainly the best ones 
so far have been much more expensive, although this is so 
much a question of how much is used that it does not neces- 
sarily follow that the expense will always be there. 

(1) Taking, therefore, the first requirement, which is 
strength at high temperature, we have the maximum strength 
in the austenitic steels of the nickel-chromium types which we 
might call the “reserves” upon which we can call if ou 
standard chromium types, which are those used today in about 
75 per cent of all cars, fail us. This they may do if we have 
built our engines without knowledge of the temperature to 
which these parts, especially the stem under the head, get in 
hard operation, or if the speed and loads put on the valves 
by increased power-outputs often obtained after the original 
design has been fixed so that opportunity to change much re- 
lating to the cylinder or valve construction is not had, which 
may result in greatly increasing valve-operating temperatures. 


This is frequently the case because, after all, the temperature 
of the valve is raised by any increase in power output, espe- 
cially if it is obtained by increase in speed or in the number 
of heat shots put into the valve, with no increase in the heat 
exchange between valve and cylinder. Valve temperature is 
further increased by the feed-back coming from an exceed- 
ingly hot manifold which, in itself, acts as a first-class furnace. 

That these “reserves” are being called upon now is shown 
by the fact that the austenitic-type steels are increasing in use 
and probably contain in themselves a greater insurance fac- 
tor than the other types, and were we to stop here in our 
power output we might conclude that this question would be 
settled; but the speeds and power outputs are likely to be 
further increased by supercharging, so, it is unsafe to stop. 
However, so far, no one steel has all the good points, and 
there are some points about austenitic steels, which will be 
touched upon later, that one will have to put up with in 
return for this high strength. 

(2) The second essential, which is good resistance to hot 
oxidation, is obtained by the use of chromium, silicon, and 
nickel; or by their equivalents, such as aluminum or possibly 
zirconium. 


Use of Chromium and Silicon 


Chromium and silicon are the two most important in- 
gredients and, without the proper amounts of each, which 
generally are in such high percentages that they put these 
heat-resisting steels in a class all by themselves, one has too 
little resistance to scaling to really “get by.” When chromium 
is 17 per cent or over and nickel is added in quantities above 
about 6 per cent, the steel begins to get into the austenitic 
class; but without that amount of nickel it remains hardenable, 
with wear-resisting properties that are there at the start when 
hardened and with, generally speaking, a low coefficient of 
expansion. 

The difference between a low-grade chrome-silicon steel and 
a better one from the standpoint of scaling resistance is the 
difference between the temperature at which one steel will 
start to scale as compared to that of the other; so, there again, 
to know how hot the valve will run enables one to pick the 
most suitable steel and, by making all the little helpful changes 
in cylinder design, it is possible to so lower the valve tempera- 
ture that a reasonable factor of safety can be had with a 
moderately good heat-resisting steel. 

(3) The third quality, which is resistance to deformation, 
comes from having a steel with a critical or change point that 
is well above the maximum operating temperature; or one that 
is, if possible, non-existent. The critical or hardening point 
of a good chrome-silicon is around 1750 to 1850 deg. fahr., 
which should be out of the range, and in an austenitic steel 
there is no such point. Further insurance against trouble 
comes from the lowering of the valve temperature as much 
as possible just by careful design of parts other than the valve 
itself. 

If austenitic steel is used, one need not worry so much about 
breakage arising from high temperatures; but if one gets to 
temperatures above those suited to chrome-silicon steels and 
has to use austenitic steels, trouble will eventually be caused 
when the temperature is pushed to the high limit of that to 
which valves can operate in an engine, because these high- 
coefhicient-of-expansion austenitic-steels move on heating and 
cooling through a greater distance than do the lower-co- 
effcient-of-expansion ones, the result sometimes being crack- 
ing at the periphery of the head. The question of possible 
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minute cracking of the edges of the head, and also deteriora- 
tion of the grain structure in some steels which would result, 
is one that would then have to be given careful attention. 

(4) The fourth requirement, which is freedom from air- 
hardening, is not so difficult to meet, since the critical or 
hardening temperature is well up around 1800 deg. fahr. in 
chromium-type steels, which should be above operating tem- 
perature; and in austenitics no appreciable increase in hardness 
can be obtained by rapid cooling. Since there are chromium 
types of steel whose hardening point is below the highest 
operating temperature, such a steel should not be used at all. 

(5) The fifth requirement, which is resistance to the etch- 
ing effects of any of the products that are left after combus- 
tion, is apparently best met by the austenitic-type steels so far 
as we now know; but just why that is the case is something 
we have not yet ascertained. Apparently, there are materials 
that have more of an affinity for these things than others, 
which, when they have it, results in the deposit sticking and 
thereby doing the maximum damage; and, where they do not 
have it, the effect is that the surfaces remain relatively clean, 
unaffected in any way by the by-products. It is expected that 
much more will be known shortly about what best resists 
this sort of attack and that, for a moderate price, better mate 
rials will be obtainable. 


Stellite Resists Pitting 


The standard of comparison today, from the standpoint of 
good performance of seat materials in their resistance to de 
posits or to pitting and burning, is Stellite. That will come 
out quite clean as compared with others after long runs with 
no evidence of either etching or scaling. The resistance to 
sealing is very closely tied up with resistance to this etching, 
and in general those valves that resist scaling best also resist 
the etching best. If, however, valves are kept cool enough, 
the etching effect is much less noticeable on any of the steels, 
and it only becomes aggravated when the temperature of the 
valve is raised, by leakage or other reasons that should not be 
allowed to affect it, to too high a temperature. 

(6) The sixth requirement, which is the resistance to wear 
or pitting by indentation, is important, especially as it is by 
this that most valves are judged at first glance by those who 
service our cars. 

The softer austenitic valves appear to have poor seats after 
a shorter run than do the other hardenable steels because, at 
ordinary temperatures, they are never very hard and while 
they have strength at high temperature at the stem, which 
always gets hottest, they are never so hard on the seats as are 
the chrome-silicon types of steel; therefore, carbon particles o1 
other particles of material, such as the warty pickup coming 
from hot cast-iron seats in cylinders, easily indent them to a 
degree that makes one say they need grinding. 

Of equal importance is the question of tappet clearance, 
which must be approximately 50 per cent greater in austenitic 
steels in order not to let the valve ride open, because, if the 
valve does ride open for any length of time, no steel yet used 
will stand up sufficiently well to be altogether satisfactory. 
This only means added clearance when the engine is cold or 
just running at low speeds, because, when the valve stem gets 
hot, the clearance is cut down to approximately that of any 
other steel. 

There is also the question of stem-diameter clearance which, 
in a %-in. stem of austenitic steel, should be about o.oo1 in. 
more than with the other types of steel. Exception to this 
is in cases where the stem is of the welded type with the part 
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in the guide of low-expansion steel, but because most of the 
overall expansion in stem length, which is of greater im- 
portance, comes from that part passing through the exhaust 
passage, which is of high-expansion steel, one is not helped 
much by the two-piece construction. Since, however, the 
cylinder design controls to a great extent the length of stem 
heated to a high temperature, the tappet clearance then of 
any type of valve made of any steel is decreased by good 
exhaust-passage design and relatively cool valve stems. 

(7) For the seventh point, one could well say that one 
could not tell at what temperature the valves would run until 
the engine had been designed and run; but there are two loop. 
holes, one being that the guides can be made so that some in- 
crease in stem diameter could be made if necessary, and the 
other being that the stem of the valve could have a taper put 
on from the top of the guide to the large fillet or radius under 
the head, so as to provide increased stem diameter at the point 
which usually gets hottest, that being just about where the 
gas strikes the stem upon the first cracking open of the valve. 

This last method of strengthening stems results in putting 
the least amount of material where it is needed most and there- 
fore helps to keep down the weight, and it is the usual first 
attempt to cure breaking valve stems, the second being to 
bring up the “reserves” again in the form of austenitic steels. 
If the taper solution were used more and the valve-stem guide, 
which so often extends too far into the exhaust passage, were 
partially or perhaps entirely cut back to the cylinder boss, this 
would be the best solution and lighter valves of any material 
could be used, and the reasons for cutting off the extending 
valve guide seem ample and will be touched upon later. 


Shape of Exhaust Valve-Head 


The question of what shape a valve head on the exhaust 
side should have could be answered partly by stating: The 
shape that would absorb the least heat, both from inside the 
explosion chamber and from the outside. 

It is thought that more heat is put into the exhaust valve 
by the feed-back from the stem, coupled with a deflecting 
shape under the head against which the hot gases are forced 
so that they contact the entire surface, than is put in from 
the inside of the explosion chamber. If this is not true, it 
may be so if one takes into account the feed-back from an 
extremely hot exhaust manifold. That this alone adds a lot 
is demonstrated in those motorboat engines with jacketed 
manifolds which have valves running so much cooler than the 
same engines in automotive installations where they do not 
use a water-jacketed manifold. 

It may be desirable in some cases to have a valve with a 
slightly concave head so that there will be some “give” to it, 
thus reducing the stress in the rim because generally, upon 
observation, one sees a cool seat and a cool center where the 
stem conducts heat away, but with a hot circle between seat 
and center, which, through expansion, would stress the out 
side diameter of the head. 

A tulip-shaped exhaust-valve may put the bulk of the mate- 
rial in tension; but if it gets too hot it will mushroom very 
easily and if it is in an engine with the automatic type of no- 
lash tappet it may almost be dragged through the port if :t 
gets very hot and has no heat outlet but a small solid stem, 
because the tappet will automatically back away from the 
valve as fast as the head collapses. Once such a valve starts 
to mushroom, practically all area of contact between seat 
and cylinder is broken and it piles up heat rapidly. 

A heavy reinforced rim as on aircraft valves is good be- 
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cause, if it leaks on one side instead of forcing the heat to go 
in radially through a thin section of head, it can be dissipated 
circumferentially in two directions. 

Large overhang of valve head over the seat is bad and now 
that seat rings, which are either replaceable or that wear very 
little, are commonly used, no overhang at all would be better 
because a thin head overhanging with heat applied from three 
sides only gets very hot and cracks eventually outside of the 
seat; then these fine cracks extend radially inward until they 
form a leak through which gas passes at high speed all during 
the working cycle, and no steel will withstand the erosive and 
burning action of such a flame. 

All valves on heating tend to change their angle at the seat 
and thus break contact with any cooler part, and it is con- 
sidered good practice by some aircraft engine builders to 
compensate for this and keep the large diameter of the seat 
in contact with the cylinder by making a difference in the 
angles of valve and seat of one-half a degree. This, of course, 
can only be done where valves are not lapped-in. 

If the overhanging head of the valve is too thin, the heat 
inflow is so rapid that it cannot get out through the thin 
part to the center of the head and, often, if one looks at valves 
that are dished, one will find that the bottom of the dished 
head, out to a diameter equal to the small seat diameter, is 
flat; and from then on the dish is just a curl-upwards of the 
remaining diameter of the head and this, of course, alters the 
angle of the seat underneath. 

The orthodox screw-driver slot is a bad thing; theoretically, 
at least, and actually in many cases. It is too much to expect 
of a head cut one-quarter through by a deep slot to remain 
symmetrical after heating and cooling. A better practice is 
to raise a boss in the center just high enough to accommodate 
a screw-driver slot; or, better still, to grind-in valves with a 
rubber sucker and eliminate the slot entirely. 


Avoidance of Cracks 


Spanner holes are poor practice because they occasionally 
burn right through and always get hotter at the bottom than 
they should, and cracks that eventually ruined valves have 
started at these holes because the top edges get very hot. 
When cracks start just around a small hole in the head and 
progress to a point where they do damage, it is not too much 
to expect to have the same thing take place all around a head 
with considerable overhang of the valve seat itself. 

The spring retainers that are frequently used are the cause 
of much trouble and, taken altogether, it is thought that the 
split taper-collars with one or more grooves are really the most 
suitable; and, even with the soft material in the stems, if the 
split-collar type is clamped tightly on the stem, a fairly small 
shoulder with a good-sized fillet in the corner is all that is 
needed. 

Austenitic steels, just in proportion to their work-hardening 
properties, are hard to machine, especially if the machining 
is drilling or turning a thin clip as in finishing a thread; that 
being the case, elongated slots in the stem are expensive. 

The type with several grooves is satisfactory, although it is 
not easy to really get as good a fit as one can with a fairly wide 
single groove, with a good radius in the corners. 

Horseshoe spring retainers wear or actually cut the groove 
too much and necessitate too sharp a corner in the undercut. 
The Izod values of austenitic steels are high compared to those 
of the chrome-silicon types; so, in the latter, sharp corners 
should be avoided under any circumstances although they are 
permissible if not too sharp in austenitics. 


The unbalanced effect of even those springs that have the 
ends squared-up is so great that it sometimes helps to fatigue 
the undercut on the stem and it always exerts enough side- 
wise pressure on the stem so that it wears the stem and guide. 
The head of the valve then closes first on one side and then 
finally on the other; so, some type of spherical rocking washer 
can well be considered for the spring retainer or for the upper 
end of the spring, or for both. 

It is strange how many little improvements introduced years 
ago have failed to be generally adopted when their merits are 
great enough to warrant it. This particular one was first 
described in 1914 in one of our well-known automotive-pub- 
lications. 


Use of Valve-Seat Rings 


Valve-seat rings of various materials are being successfully 
used and they all have merit, the principal merit of the cast- 
iron ones being that they are replaceable and that of all the 
others being because they so far show us the only way out of 
the very serious pickup trouble that was the cause of valves 
seating down in the cylinders. This does not mean that there 
are no engines that do not need seat rings, because, if valves 
and seats in cylinders never get hot enough to cause the 
pickup to take place, then rings have no place in the picture; 
but we think that, as speeds go up and valves and seats get 
hotter, those now doing very well without rings will do 
better with them. 

The use of the no-lash tappets makes it less necessary to use 
seat rings, and the car which was used to break the numerous 
records on the salt beds of Utah and which has now done 4o,- 
000 miles without valve grinding, has no seat rings in it and 
apparently does not need them. 

How to fasten the rings in seems to be the greatest problem, 
but that boils down to proper selection of material with ac- 
curate machining and plenty of cast-iron backing around the 
seat ring in the cylinder. 

Before seat rings came into general use, good practice was 
supposed to be to get the deck of the cylinder thin and to 
keep the water close to the valve seat; but that helped very 
little compared with the good results obtained with rings, 
and probably some of the loosening of early rings was due to 
a lack of iron backing even when some had been added to 
take care of the seat-ring counterbore. A very generous 
thickening of the backing of any rings then should be con- 
sidered if the rings come loose after having been properly 
installed in the first place. 

If it is desired, the rings can be threaded-in and tools are 
available now which make an easy job of tapping the cyji- 
inders; but, after all, one does not get the area of contact 
between threads that one can get if the ring and counterbore 
are nicely machined and put in by the freezing process. The 
thread then is a good keeper, but the ring gets equally hot or 
perhaps hotter. 

For a thing as important as a cylinder, the rings should be 
the best or, perhaps one should say: good enough so that they 
would not need replacement in the life of the engines and 
good enough so that, taken with good valves, 50,000 miles on 
one grind would be obtainable. 

There are many different alloys on the market but we think 
that one could say Stellite is the yardstick by which others are 
measured. This, at least, is true in aircraft, where it has 
shown some remarkable results both on rings and valves. It 
seems strange that it has been such a long time coming into 
its own, because it was first used in the Wills car in 1922 
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where it performed very well; but it was too expensive then 
and not needed half as much as rings are needed now in 
many cars. 

We now come to the question of cylinder design and valve- 
guide design, which might be called part of the cylinder. 
This procedure somewhat takes on the appearance of mak- 
ing a valve and then making a cylinder to go with it, but 
since the shortcomings of cylinders affect the valves to a 
greater extent than is the effect on the cylinders of the valve 
shortcomings, that seems to be the proper way to express it. 

The thing we are trying to accomplish is to keep the valve 
much cooler than it usually runs. If one operates a spring at 
less than its endurance stress, it will run a long time in com- 
parison with its performance if stressed just above that same 
point. Valve steels behave in much the same manner except 
that, since it is heat that destroys them and not breakage, the 
failure is necessarily less sudden; so, one should find out what 
temperature compares with the endurance-stress point and 
stay under that. One would be surprised, however, at the im- 
provement often brought about by a drop in temperature of 
only 200 deg., and if that drop is from about 1650 to 1450 
deg. fahr. in some good valve steels, it results in twice the 
strength in the steel at the lower temperature, which, in itself, 
would be likely to take care of breakage if that were the 
thing which was taking place. Frequently, we hear of older 
engines that for a long time behaved quite well but suddenly 
produced a crop of valve failures. The only thing which has 
changed is that they were operated so as to keep up with the 
power and speed procession and the valves got much hotter. 


Cylinders and Valve Seats 


In considering what can happen to cylinders, we have the 
following: 

(1) The valve seats may be cooled around part of their 
circumference only as in a job where water is not put be- 
tween the inlet and exhaust 

(2) The seat can be cooled more on one side than the other 
because of thick and thin walls between it and water 

(3) The deck of the cylinder or head can be too thin or 
that part in which valve seats are put can be too weak to 
resist the pull of the bolts holding the head down, thereby dis- 
torting the deck or putting waves in it that would unseat 
valves when in running condition even if they were perfect 
when the head was off the cylinder 

(4) The head may be so much stiffer than the cylinder if it 
is an L-head job that it stays flat and pulls the cylinder up to 
conform to the thick and thin parts of the large and small 
areas of the gasket affected by each individual pull-down bolt. 
It is not assumed that gaskets vary in thickness, but they do in 
area affected by each bolt and they vary in density also 

(5) There may be too few bolts to compress the gasket uni- 
formly or the gasket may at some points have so little area 
that pressure from the bolts will compress it a lot, and then 
either the head or the cylinder will have its deck distorted 

(6) There may be a permanent change in the iron that 
takes place under these conditions when bolt stress pulls it 
out of shape and heat is applied, which is easily checked by 
truing what was a flat surface with a surface plate before the 
engine went on test and noting the irregular wavy condition 
afterward 

(7) There may be a permanent growth of certain parts 
of the exhaust ports which is evident after a hard run and 
which either push the valve guide sidewise in relation to the 
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seat in the cylinder or which may push the deck and one side 
of the seat up. This may also happen because of the ex- 
pansion of the heated exhaust passage, which may be much 
hotter than other parts 

(8) There may be sidewise pressure exerted on the valve 
stem by the growing-over of that part of the guide that 
projects up into the exhaust port 

(9) There may be a sticking open of the valve caused by 
the guide warping or by the build-up in deposits on the valve 
stem where the valve guide projects up and gets too hot 

(10) There may be openings in the cylinder far removed 
from the valve seats, through which most of the water 
circulates, thereby robbing the exhaust-valve seats of their 
share of the cooling 

(11) There may be insufficient pump pressure or water 
speed at low engine speed to really wipe off the steam bubbles 
that form around the hottest portions 

(12) There may be large chunks of core sand left in the 
cylinder which never get removed when the engine gets out 
in hard service 

(13) There may be heavy lime-deposits which always take 
place on the hotter parts and which grow in thickness so as 
to very effectively act as a heat insulation and which then 
bring into existence hotter spots than existed when the engine 
was new 

(14) There may be sidewise drag on the valve-lifter 
mechanism which tends to wear the seats in the cylinders more 
on one side than the other 

(15) There may be unequal valve-spring pressure which 
causes the valve to seat first on one side and to wear that side 
more than the other 

(16) There may be sticking of the valves to such an ex- 
tent that they will not rotate at all and therefore any heating 
due to leakage is applied continuously at one point and, since 
the best or hardest material will be burned or worn away by 
the heat and speed of the gas, it is reasonable to count the life 
of a valve that never rotates as much less than if it did rotate 
reasonably fast; probably in proportions expressed by the total 
area of valve seat to the area of leakage on a non-rotating valve 


Width of Seats 


There may be seat widths so wide that they easily trap any 
particles of foreign material quite in proportion to their width 
and thereby defeat the purpose of a wide seat, which is to 
cool better and wear better. Too wide a seat then would build 
up rapidly with the deposits that are the real cause of the 
burning trouble, which usually is started by a fissure or 
flaking off of the coating of deposited carbon, etc., on the valve 
seat. This same wide seat resists too well the slight lapping 
action of a valve that rotates, and it is better to have the stem 
suffer from wear than not to have any rotation so far as keep- 
ing the seat of the valve clean is concerned. 

The answer in a general way to how all these things may 
be cured probably is that it just cannot be done entirely, but 
in many cases it can be helped quite a bit and the purpose 
of this paper is not to show designs at all of how these changes 
might be made because that would involve a lot of work that 
would be equivalent to designing a complete engine and the 
problems are such that they should be considered along with 
other points in engine design. Taking the points one at a 
time, however, some comments on how they might be im- 
proved are perhaps in order. 

(1) Cooling valve seats by having water all around them 
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seems an obvious thing to do, yet there are many engines in 
which the designers hope to get by depending only on the 
cooling of one side of the seat by the incoming gases since 
they provide for no water between the valves. Such seats 
invariably go out-of-round and, generally, the side of the ex- 
haust seat moves over toward the inlet valves, thus setting up 
an exhaust leak and also an inlet leak. 

The inlet valve may pound down the cast iron and reseat 
itself, but the hot gas passing through the exhaust side can- 
not help but wear or burn the cast iron away and that leak 
then never gets closed thereafter. If seat rings of suitable 
material are used, this may not take place to as great an ex- 
tent; first, because most seat-ring material has better wear and 
corrosion resistance than has cast iron, and also seat-ring mate- 
rial is less subject to growing than is cast iron even of the 
kind now used in which chromium and nickel are used to 
keep down permanent growth. 

Often, when seat rings, even of cast iron, are put in, after 
long hard running a thin feeler can be inserted between the 
outside diameter of the ring and the wall of the recess in 
which it originally was tightly pressed on that side next to 
the inlet valve, which perhaps explains why even a cast-iron 
ring just like the iron in the cylinder may behave better than 
the original cast-iron seat of the cylinder. Under such con- 
ditions the seal is on the bottom of the ring and between the 
valve seat and the ring, and the permanent distortion of the 
cylinder then only opens up a crack on the outside of the 
ring. Occasionally, one finds evidence of actual cylinder-wall 
cracking at that point, due to local high heating resulting in 
frequent heating and cooling stresses, even with the better 
non-growing irons now commonly used in cylinders. 

The growth of cast iron is a sort of wedging action taking 
place in the iron where the free carbon or graphite is located 
and it is due to oxidation of that graphite arising from heat 
and starts at a rather low temperature. 

One can readily picture the better chance for cooling valve- 
seats that one has with an engine of the overhead-valve type 
with a go-deg. angle between valves, which we call the dome- 
shaped type, as compared with the L-head type in which 
everything has to be crowded together to get a short engine 
with a small volume of explosion chamber. 

This paper is not taking into account many reasons for cer- 
tain types, such as economy of first cost or suitability of pro- 
posed design to existing machine tools, because those are the 
things that always have to be balanced in importance against 
any changes at all. 


Openings for Checking Parts 


(2) This question of uneven section due to poor placing 
or shifting of cores in the foundry can be tied up with that 
of cleaning out wires and core sand, and one often sees places 
where much better inspection could be done if there were 
more openings through which these parts could be checked. 
It is not so difficult to put in a few more Welch plugs or 
even taper-threaded plugs that might give one a better chance 
to clean the cylinder casting and check the core positions. 

(3) Making the deck of the cylinder thick enough is easily 
done and probably few engines now suffer much from too- 
thin decks, but there is still enough flexibility in some so that 
pulling the bolts down tight on the gasket results in im- 
mediate distortion, followed by a permanent set of the pulled- 
out-of-shape deck which accounts for some leakage at the 
valves. This sort of leakage may stop when valves get hot 


enough to have the head tip over to conform to the cylinder 
but, if the valves rotate, this tip-over is in the nature of slow 
rotary alternate stressing of the stem and may contribute to 
breakage. If they do not rotate they are generally blamed 
for having warped, and often the truing-up of a bent-over 
head results in no improvement in its performance over that 
just prior to the truing-up job. 

In persistent cases of leaks of that sort, the cylinder has 
behaved better when it has been scraped true to a flat surface- 
plate and then the head treated in a similar manner and no 
gasket at all used between them so that the surfaces stay 
flat under compression. 


Improvements Suggested 


(4) In a valve-in-the-head engine, both head and cylinder 
should be non-deformable to perform properly; but in an 
L-head job it does seem as though the cylinder should be the 
strong part and the head should be made to conform if 
anything is going to “give”, and some of the heads for L-head 
jobs are pretty stiff affairs. 

(5) Many bolts spaced so that great pressure can be put on 
the gaskets where the compressible areas are greatest, or some 
better distribution of compressed gasket-material, might help 
to keep decks flat; because the probability is that the man 
who tightens the nuts will exert about the same wrench pres- 
sure on each bolt. If the conditions require more pressure at 
some point, a change in the pitch of the threaded studs at 
those points might help. 

(6) Permanent change of shape of iron under stresses is 
not difficult to get if a fair amount of heat is applied and if it 
does not take place when the cylinder is properly cooled, just 
one hard run with water level low could heat it enough to 
let it take a set. Heat shaping of such things as piston rings 
of cast iron is accomplished with the application of very little 
more heat than one would get with a very hot engine that 
had used up all the cooling water. 

(7) If one considers the poorest-shaped exhaust-gas passage 
in an L-head engine, it probably would be one that extended 
straight downward for a considerable distance and then, with 
a rather sharp bend, led off to the side of the block where the 
manifold is bolted on. If iron grows permanently when 
heated to fairly low temperatures, such a passage could get hot 
where the direction of the gas is changed and, in time, a lift- 
ing effect would be produced on the deck of the cylinder; 
and if it did not come from growth, it could occur from 
greater expansion in the long side of the passage, which would 
be hotter than the upper or short side. 

If the point of support of the boss in which the valve guide 
is fixed, which usually is on the flat underside of the project- 
ing cylinder, is close to the point in the exhaust passage where 
the guide boss joins onto the exhaust passage (and it is in most 
modern jobs), and if the distance from this intersecting point 
of boss and exhaust passage to the top of the cylinder deck 
is great in comparison, the distortion of the exhaust passage, 
which is firmly held at both ends by the deck and by the flat 
side of the cylinder where the manifold is bolted on, can be 
great enough then so that the valve guide can actually wave 
the head of the valve around when expansion or growth takes 
place, and that will unseat the valve. Fig. 1 illustrates this 
point. To minimize this, the exhaust passage should be as 
short as possible, slanting from the valve seat to the outlet 
point so as to change not only the distance ratio of points of 
support to seating of the valve so that if movement takes place 
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Fig. | 


Illustration of Means of Minimizing the Tendency 
of a Valve To Become Unseated 


it will be as little as possible, but also to shorten the heated 
part of the valve stem as much as possible. 

[It is actually possible to cut the heated part of the valve 
stem to one-half of what it sometimes is and, since the greater 
part of the expansion of valve stems that uses up tappet clear- 
ance and causes valves to ride open and burn or become noisy 
if given enough clearance.so that they will not ride open takes 
place right inside the exhaust passage, this change alone re 
sults in one being able safely to reduce clearances to two-thirds 
of the original. It also results in cooler stems and, therefore, 
less danger of stem breakage brought about by the rapid 
weakening of the steel at very high temperatures. It results 
further in the elimination of the common offender in the 
form of a projecting valve guide extending up into the pas 
sage. 

When the design takes into account the desirability of not 
allowing the exhaust gas to slow down on leaving the wide 
open valve, only to be speeded up again before it finally 
reaches the exhaust manifold, the passage will not be objec- 
tionably small and its area can be progressively increased so 
that it will be almost like the outgoing side of a venturi tube, 
and that will then result in cooler valve ports because much 
of the heat in a valve is fed back from this crooked exhaust 
passage in which gas is allowed to expand and thereby slow 
itself down and later be speeded up, plus that which comes 
from a very hot manifold frequently placed so close to the 
valves that they get the full benefit of the heat stored up there. 

(8) If this extending red-hot exhaust-valve guide is greatly 
shortened or entirely cut off, one of the aggravating causes 
of valve sticking will be eliminated because the valve stem 
will not get to a red heat further down than the point in the 
guide opposite the place where the guide joins the exhaust 
passage. As it is, projecting guides in the passage get red 
hot on one side and always remain cooler on the other side. 
If projecting guides must be used they should be made of 
materials such as Niresist or some of the other non-growing 
cast-irons which will not grow when frequently heated and 
cooled, and which thus avoids distortion. 

If the guide is not counterbored, it actually grows over side- 
wise and pushes the valve over until it unseats, or if it is 
counterbored it forms a hot sleeve that gives considerable 
heat off to the stem of the valve almost to the same extent 
as would be the case were it not there; and it effectively 
causes a build-up of coked lubricating oil that increases the 


Vol. 37, No. 1 


diameter of the valve stem to a point where the valve must 
stick open or at least be very sluggish in closing. 

(g) It suitable valve-stem materials are selected, stem burn 
ing need not be feared and, in many cases, stem breakage due 
to too smal! a stem can be cured by the adding of stock in the 
form of a taper stem under the head where the blast ot gas 
from the first opening of the valves heats the stem hotter than 
at any other point. One should keep in mind here that most 
of the reason for valve breakage is because the valve stem gets 
hotter at the point where it needs strength most, and that 
heating reduces its strength very rapidly when it gets to be 
around 1650 deg. tahr. 

(10) Cylinder-head gaskets are often made with openings 
of such size and so located in relation to the water inlet that 
the water can go directly out through them without circulat- 
ing much around the exhaust-valve seats. This leaves them 
without a stream of water to carry off bubbles or steam and, 
under these circumstances, the valve seats may get too hot. 

(11) It is our belief that attention to the exhaust-port shapes 
and sizes and feed-back of heat from the manifold will pro 
duce greater benefits than changes in the water circulation, 
but this blocking off of the water, if the easy path is not past 
the valve seats, is so simple that it should be done leaving 
only enough of a hole in the gasket where the blocking off 
probably will be done to relieve any steam pressures in the 
cylinder. 

Water-pump pressures, of course, should be kept as high 
as possible; often, a larger or faster turning pump has been 
of great help. 

(12) The question of core sand has been covered by the 
suggestion that more opening for inspection be provided, since 
in these days of rapid production we might all be surprised at 
what is left in the cylinders. 

(13) Lime deposits do not bother so much except in cer- 
tain sections of the country, but the fact that the rate of de- 
posit is greatest where spots are hot enough to cause steam to 
form, which are generally in the most inaccessible places and 
sometimes result in trouble with engines that in other locali 
ties behave properly, makes ample cleaning ports worth while. 
A 2, per cent solution of hydrochloric acid is often satisfac 
torily used for cleaning. 

(14) Sidewise drag on the stems of valve-in-the-head en- 
gines does result in undue wear on the valve seats. That 
wear on hard seat rings is not so pronounced but, on soft 
ones, even of suitable non-oxidizing seat-ring material, the 
wear is sometimes pronounced. A roller on the rocker arm is a 
way to keep down that wear, and of course those engines 
with cups to take the side pressure off the valve stems are 
good; but locating the rocker arm so that its center is at 
the height of the end of the valve stem when the valve is 
closed, and with both the tip of the valve and the rocker arm 
of very hard material, is probably what will appeal to the 
majority of engine designers because it is fairly good and not 
expensive. Careful study and some way of entirely eliminat- 
ing, from the operating mechanism, all sidewise pressure on 
the valve stem, will repay one if one is seeking quietness. 
Positioning the rocker pivot in line with the valve-stem tip at 
mid-position gives good results when a roller of fairly large 
diameter is used. 

(15) With a combination of sidewise drag from the rocker 
arm and unequal pressure on the spring-retaining washer, we 
have a good combination that results often in a lot of valve- 
stem wear and a rapid increase in valve-operating noises 
shortly after the newness has worn off the engine. 
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(16) Valve rotation is something that should be again 
looked into. It has been tried many times and, in those cases 
where it was done positively, it helped the valves; but they 
soon became noisy or the method was too complicated at the 
start. Such simple expedients as two springs wound in the same 
direction, but the inner one of quicker pitch, and another 
consisting of a simple thrust washer of ball-bearing type under 
one end of the spring, are worth trying. 

To get rotation, no sticking due to sidewise rocker-arm pres- 
sure can be permitted, nor can any sticking of stems in guides. 
If rotation is to be continuous, the tip end of a valve having 
a line contact with the rocker arm must be so hard that it will 
never allow grooving to take place to an extent that will stop 
the valve from turning. If the cylinder seat under heated 
conditions goes eccentric to the stem guide-hole, then rotating 
the valves helps very little except that it tends to keep the valve 
seats clean and free from deposits of any kind. In such a case, 
a tighter seat can be had when valves do not rotate but the 
head is allowed to bend over to seat itself on the eccentric 
seat. When we speak of eccentric seats, in the cylinder, we 
mean seat runout, which may be a combination of eccentricity 
of the guide with the seat or, one side of the seat may be 
pushed up by deck distortion which would measure as seat 
runout. Since, however, burning of the valve seats often 
comes from a fissure being formed in coatings that collect on 
the seat and since the gas passing through that fissure at any 
high speed soon enlarges it by burning the metal off the valve 
seat itself, a valve that rotates will clean itself to a considerable 
extent by a lapping action and that, combined with narrow 
seats on the valves or in the cylinders, has been beneficial in 
aircraft practice. 


Seat Width Is Important 


This question of seat widths is becoming important again. 
When high-speed steel was used as a valve material in most 
of our engines, the narrow-seat practice was first started. The 
trapping of anything on the seat is done in proportion to seat 
width, regardless of the speed at which the trapped particles 
move. ‘lhe red hardness of the tungsten valves allowed one to 
use seats on valves as large as 3 in. in diameter with only 1/16- 
in. seat-width with good success. As engines got hotter, how- 
ever, the lack of non-oxidizing properties in the tungsten steel 
caused it to go out as a valve steel in favor of the types high 
in chromium of the stainless or Silcrome type. With that 
came an increase in seat width, the supposition being that 
better cooling of the valve came from wide seats, and the 
lower hardness of these materials at red temperatures was 
often the cause of seat wear when too narrow a seat was used. 
The better-cooling theory, mostly but not always, proved to be 
a fallacious one because the actual contact area of the wide 
seated valve with a generous amount of seat pits in it, caused 
by indentation due to hard particles of carbon being trapped, 
was not equal to that of a narrow seat made of harder mate- 
rial and which, therefore, would not pit readily, and the 
wide seat valves therefore ran no cooler. The wide-seat 
valves with poor contact were equivalent to a valve with a 
narrow seat and a head much larger than the seat diameter, 
because all valves break contact with their seats on the large 
diameter first; so this large overhang only absorbed heat on 
three sides and fed it in towards the center of the head of the 
valve and probably the wide-seat valve became a hotter one 
than the narrow seat one. Now, we have Stellite seats on 
both seat rings and valves and that material retains its hard- 
ness at present high operating temperatures just as the high- 


— 


speed valves once did; so, we can go back to narrow seats with 
salety. 

The majority of the seat rings used are hard and, running 
at temperatures much lower than the head of the valves, they 
do not always need the properties possessed by Stellite, pro- 
vided that the service’ is not too hard on seats. 


Trouble Due to Burned Valves 


At various times since the advent of the detachable-head 
type of cylinder, this construction alone has been blamed for 
many of the troubles that result in burned valves. It seems 
reasonable to expect more trouble when the valve seats in the 
cylinder are level with the deck of the cylinder. We then 
have a ceiling against which the water is stopped and that 
ceiling is hot and steam can form and push the water away, 
in which case the actual valve seat in the cylinder would be 
well above the water line. On top we have a gasket of good 
heat-insulating material and above that again we have another 
flat surface before we can get to water in the head. If the 
explosion chamber and the valve seat as well were pushed 
downward into the cylinder so that the head were more 
nearly flat, the valve seat itself would be much nearer the 
water and that alone might result in better cooling of the 
seat. It certainly would give the water a chance to pass by 
the seat and carry away any steam bubbles that might form. 

In the older types of engines in which the head was not 
separate from the cylinder, better valve performance has been 
had in some cases with no other explanation than this, and 
it is interesting to note that just recently, in England, the 
Lanchester car—one of the oldest cars there and designed by 
an engineer whom we have always looked up to—has gone 
back to a one-piece cylinder and head construction. This 
Lanchester car is made now by the Daimler Co., which means 
that this program has the support of the Daimler engineers 
also, who are among the oldest in the motor-car business. 
So, were it not for the ease with which the detachable-head 
construction can be cleaned and possibly because of the lower 
manufacturing cost, one would almost say that an efficient 
engine should be of the one-piece construction. 

Salt or sodium cooled valves are now standard in almost 
all of the most powerful aircraft engines produced both here 
and abroad and their merit in the hard-worked on-the-ground 
engines is being appreciated to the extent that they are used 
in some of that type. The increased cost has been against 
them; but, as production increases and costs come down, they 
surely will find their place because they will do for the valves 
what the engine designer probably never will be able to do 
by any changes or improvements in cooling brought about 
by changes that cost less than the price of the sodium-cooled 
valve. Single sodium-cooled valves of approximately 2-in. 
head-diameter have been run for long periods passing 80 hp. 
per valve and never getting above black hot, which would be 
not over 1000 deg. fahr. It will be seen then that the next 
boost in power outputs is almost taken care of in advance 
by existing solid valves; and if one cannot adequately cool 
existing valves, the use of a sodium-cooled valve probably will 
do away with a lot of trouble. 

There is also to be considered the no-lash tappets, some of 
which have been in use for several years. Aside from the 
question of quietness, which probably was what their de- 
signers originally thought would be their excuse for existence, 
there is the question of their efficiency, because they absolutely 
fix the valve timing at the timing intended when the cam 
was made; since, no matter what changes in valve clearance, 
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varying temperatures affecting various kinds of valve steel to a 
greater or lesser extent bring about on the orthodox lifter, this 
no-lash type never changes. They are permanently quiet and 
the numerous wearing joints in an overhead-valve operating- 
mechanism are all kept quiet by the no-lash hydraulic-type 
tappet. The need for valve-seat rings is not so pronounced, 
and there may be no need for them at all. They protect 
valves because they cannot ride open, and they protect seats 
in cylinders because they prevent the valve from pounding 
down. With any mechanism subject to shock, the interposi- 
tion of a slightly elastic member in the line helps, and they 
should do just this to the valve-operating line. 

Were one to pick all the good points covered by this paper, 
taking somewhat for granted that they are good points, such 
an engine would have: 


(1) Valves ot high-strength steel, probably austenitic and 
sodium cooled if necessary; possibly equipped with skirts to 
prevent the gases from projecting oil vapor or particles of 
carbon into the guide and onto the stem 

(2) Narrow-faced Stellite-seats on these valves 

(3) Stellite faced or other applied seat rings 

(4) Substantial clamping-type spring-retainer collars 

(5) Spherical rocking-type washers under one or both ends 
of the springs, or some equivalent device 

(6) Valve guides of non-growing material, probably Ni- 
resist; preferably not extending into the port 

(7) No-lash tappets of the hydraulic type 

(8) Cylinders with ports best suited to keeping valves 
cool; the exhaust manifold either far removed or cooled so as 
to avoid teed-back. 


Canadian Diesel-Engine Usage 


HE operator is only interested in the one problem: How 

to move his freight, without violating the law, at the 
least overall expense. As most highway regulations limit 
gross vehicle-weights as well as overall vehicle-dimensions, the 
problem becomes one of employing the lightest vehicle, able 
to carry the required load, which will entail the lowest cosi 
per mile. The items entering into this calculation are: car 
rying capacity, first cost, useful life, maintenance cost and 
direct operating-expenses. Engine weight and size are thus 
of considerable importance and all efforts to reduce them 
without impairing reliability, first cost and maintenance cost, 
are desirable. In view of this fact it is surprising that some 
engine makers use higher weight and greater overall engine 
length as sales arguments. Experience proves that a shorter 
engine need not necessarily suffer from weak bearings, where- 
as some engines with apparently ample bearing-areas are still 
subject to this defect. It appears, therefore, that bearing area 
alone is by no means a criterion for cost of upkeep. In this 
connection combustion control, heat transfer from the bear- 
ings and bearing materials are at least as important as mere 
size. 

At present, the fixed charges on the Diesel vehicle are con 
siderably higher than those on the gasoline type. Present 
European oil engines cost about 50 per cent more per horse- 
power and about 14 per cent more per unit of engine weight 
than gasoline engines of the same power. This results in a 
price increase for the complete chassis of about 12 per cent. 
It is, however, to be expected that with increased production 
the price of oil engines will be reduced, as was the case with 
gasoline engines. It is also reasonable to assume that the 
largest factor, at present, in the higher oil-engine cost, namely, 
the fuel-injection equipment, will be reduced in due course, 
thus following the precedent of carburetor and magneto which 
originally formed a much higher percentage of the total en- 
gine cost than today. 

New and improved designs together with additional ex- 
perience probably will eliminate, or greatly reduce the amount 
of, special and expensive materials which are now largely 
responsible for the greater cost of compression-ignition en- 
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zines. This trend is very noticeable in engines which have 
been in production for some time, as in the case of the Ley- 
land engine, where the duralumin connecting-rods, originally 
employed to overcome big-end difficulties, have been replaced 
by normal forged connecting-rods, using aluminum bearing- 
shells. The practice of employing a hardened crankshaft, 
which was necessarily developed in conjunction with the dur- 
alumin rods operating directly on the journals, has been found 
so advantageous that it is now being used in all engine types 


of this maker. Several manufacturers producing both types 


of engine have adopted the practice of designing engines pri- 
marily for fuel-oil operation and adapting them for gasoline 
fuel by changing pistons, cylinders and exhaust valves. In the 
gasoline engine these valves have to withstand higher temper- 
atures on account of the lower expansion-ratio. 

So far as maintenance is concerned the experience of Can- 
adian operators has been very satistactory. A 100-hp. Gardner 
engine, installed in a G.M.C. Model T-60 chassis, has done 
well over 100,000 miles, operating in temperatures ranging 
from 40 deg. fahr. below zero to go deg fahr. in the shade. 
This engine has not yet had a major overhaul, no bearings 
have been renewed, the cylinders have not been reground; the 
only maintenance work done was one valve grinding, the 
replacing of a cylinder-head gasket and cleaning of sprayers. 
The engine is hauling a gross load of 55,000 |b. at an average 
speed of 20 to 22 m.p.h. over a 240-mile run, with some hilly 
sections. Fuel consumption with this load is between 7.5 and 
§.3 miles per gal., giving the astonishing figure of 206 to 228 
gross-ton miles per gal. It should be noted that this perform- 
ance is obtained in steady normal operation of a properly 
balanced unit, not by any of the artificial methods occasional- 
ly employed for purposes of advertising, as by fitting an un- 
der-size engine, overloading a chassis, or maintaining the most 
efficient speed. 


Excerpt from the paper “Diesels on Canadian Roads” 
presented at the Semi-Annual Meeting of the Society, White 
Sulphur Springs, West Va., June 17, 1935, by H. L. Wittek, 
consulting engineer, Toronto, Canada. 
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Sir Herbert is a past president of the Institution of Auto- 
Engineers. He is a frequent 


mobile 


Sir HERBERT 
Austin 


States; in 


just 


tomobile 
Carburetor ¢ 
been 


before 





fact the above picture w 
one of his recent visits 
of the Society since 


Maurice GoupArpD 


Monsieur Goudard is president of the 
French 


Societe d’Ingenieurs de l’Au- 


and 


is head of the Solex 


‘o. in France He has 


member of the S.A.E. since 


1925 
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AUSTIN, K.B.E., chairman 
Motor Co., Ltd., Birmingham, Eng. 





visitor to the United 





























Overseas members, including world 
famous automotive engineers. wish 
| 


Society well and laud its services 


EGULARLY hurdling the barriers of space and Jan- 
guage, the Society of Automotive Engineers on its 

30th Anniversary finds itself serving automotive 

technicians and executives in 35 countries, exclusive of the 

United States and Canada. The current vigor of its over 

seas growth is emphasized by a 30 per cent gain in foreign 

membership during the current fiscal year and by the en 

thusiastic response which came trom scores of the 450 toreign 

members to a request for personal intormation to be used 

as part of a special foreign exhibit during the 3oth Anni 

versary Summer Meeting. 

The ready cooperation extended by our foreign members, 
together with the specific character of the material which 
they sent, combined to dramatize to members in the United 
States—and to the officers of the Society—the dominant role 
which S.A.E. members have been playing in automotive 
technical and commercial development throughout the world. 

On following pages are photographs of a few of the 
foreign members who wrote to express their regret at being 
unable to attend the 30th Anniversary celebration and to ex 
tend greetings of fellowship to their American colleagues. 





of 


the board. 


Other pages illustrate the scope and importance of the fac- 
tories in which the efforts of foreign members of the S.A.E. 


play an important or dominant role. 


as taken on shipboard 
He has been a memb 


1928. 








LAWRENCE HENRY POMEROY, managing director, 
Daimler Co., Ltd., Coventry, Eng. 
Mr. Pomeroy joined the Society in 1919, when 


CHARLES Faroux, editor, La Vie 


he comme t& the United States, atreade teawvine Automobile, Paris, France 

ichieved a high reputation as a consulting en Monsieur Faroux, a very distin- 
gineer In the U. S. he worked with the Pierce- guished engineer of long standing, is 
Arrow Motor Car Co. and the Aluminum Co. of honorary president of the Societe 
America For many years, before and after the d'Ingenieurs de l’ Automobile and has 
American venture, his name has been associated been consulting engineer to most of 
ntimately with the work of the I.A.E. This the large French automobile manu- 

year he is serving as its president. facturers He has been a member | 


of the Society since 1929 
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in 30th Anniversary Exhibit 


The S.A.E. Journav takes this opportunity to introduce 
some of our leading foreign members to the Society as a 
whole and to express to every overseas participant in S.A.E. 
services the good wishes of American automotive engineers 
and executives. 

S.A.E. membership totals are higher in England than in 
any other overseas country, with France, Australia and 
Germany ranking next in the order named. Japan, Austria, 
Belgium, Czechoslovakia, Holland, Italy, New Zealand, South 
Africa, Sweden and Russia all are represented by an ap 
preciable number of members, while a few engineers find 
S.A.E. services valuable in such countries as Argentine, Brazil, 
Ceylon, British West Indies, Canal Zone, China, Denmark, 
East Africa, Egypt, Finland, Greece, Hawaii, Hungary, India, 
Ireland, Mexico, Norway, Palestine, Peru, Philippine Islands, 
Poland, Puerto Rico, Roumania, Persia, Spain, Straits Settl 
ments, Syria and others. 





Gversnns Msshess Comtetiee we ain Max GoLpscumuprt, president, Mecano, G.m.b.H., 
Frankfort, Germany 
To all overseas members ot the SALE. the officers and Mr. Goldschmidt’s organization produces flexible couplings 
e : i pee os ; : a : for a variety of applications in the motor-vehicle and air- 
Council of the Society extend greetings and best wishes. craft field. They include spring shackles, engine mountings, 
Particularly is appreciation due to those who sent the in- independent front-wheel suspension mountings and trailer 
/ E : couplers. Mr. Goldschmidt joined the Society in 1934. He 
(Continued on page 73) expects to visit the United States shortly. 





Marcet J. J. MicHEeLIn 


Monsieur Michelin is chief of 
the testing department of 
Michelin & Co. at Clermont- 
Ferrand, France, and is a 
member of the famous family 
which established this works, 
which was producing pneu- 
matic tires for automotive 
vehicles as early as 1895. A 
car which competed in the 
Paris-Bordeaux trial run of 
1895 was equipped with their 
preumatics and was gener- 
ally regarded to be the first 
vehicle in the world to run 
on pneumatic tires. 


Capt. J. P. Back, managing director, Standard Motor Co., Ltd., Coventry, Eng. 


He joined the Society in 1932. When he took 
Over direction of the Standard Company 
about five years ago his plant was still pro- 
ducing on a handicraft basis. Since that time 


Captain Black has directed successfully com- 
plete mechanization of his company’s product 
and brought the company to a much better 
competitive position in the British industry. 
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Dr. FERDINAND PorscHeE, Stuttgart, Germany 


Since 1931 Dr. Porsche 
designers in Europe has been head of his own organization and has 


who 


designed several engines and 


recent development 
pension which has 
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been 


is one of the 


motor-vehicle 


engineers. 


ING. Ernst MAHLE 


Mr. Mahle is engineer 
tronmetall, G.m.b.H., 


Bad-Cannstatt, Germany 
to 
can and German technical 
lications on the application of 


a prolific contributor 


light alloys to _ pist 


facture 
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Capt, G. T. SmitH-Ciarke, director 
and chief engineer, Alvis Car & En- 
gineering Co., Ltd., Coventry, Eng. 


The organization of which Capt 
Smith-Clarke is chief engineer pro- 
duces the Alvis car, a sports type of 
high performance. Capt Smith- 
Clarke is responsible for the design 
and manufacture of the car as well 
as for the works, plant equipment 
and service stations of the company 


REGINALD BeEpForpD, sales engineer 
and London manager, Benjamin 


Whittaker, Ltd. 


The picture below shows Mr. Bedford 

(at the left) with William Larsen 

who represents the Handy Governor 
Corp. in Europe 














Joun V. PucuH, chairman, Charles 
H. Pugh, Ltd., Birmingham, Eng. 


The picture shows Mr. Pugh (at 
the left) presenting a bicycle to 
Lord Nuffield, chairman of the 
Morris Motor Works at Coventry 
The onlooker is W. A. Oubridge of 
the British Piston Ring Co. who is 
president of the British Cycle and 
Motorcycle Traders Union. Mr 
Pugh made the presentation in his 
capacity as past-president of the 
Union. The Whitworth Works witl 
which Mr. Pugh is associated is 
one of the oldest precision engineer- 
ing works in England, specializing 
in light and medium press work 
and turned parts for a number of 
industries. He has been a member 
of the Society since 1907 and is one 
of its firmest supporters overseas 
A very interesting letter from Mr 
Pugh was exhibited at White Sul- 
phur Springs during the Summer 
Meeting 


J. W. Mitits, general manager, Sun- 
beam Motor Car Co., Ltd., Wolver- 


hampton, Eng. 


Mr. Mills’s organization produces the 
well-known Sunbeam passenger cars 
and the electric trolley buses. Some 
machine tools are produced under 
license to American manufacturers 
and another section of the company 
produces small tools such as drills 


and chucks Mr. Mills has been 


member of the Society since 1925 


H. F. L. Orcutt, M.1.M.E., A.S.M.E., 
LA.E.. managing director, the Gear 
Grinding Co., Ltd., Birmingham, Eng. 
Mr. Orcutt’s firm is one of the largest 
3ritish producers of machine tools. 
They have developed many processes 
for gear grinding and finishing and 
their products are known throughout 


the British Empire. 
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C. R. Farmey, chairman and managing director, Fairey 
Co., Ltd., Hayes, Middlesex, Eng. 


Mr. Fairey founded the company which bears his name in 191 
made an outstanding name in British 


his war-time products. He joined 
Was in the United States with T. 


as a yachtman as well 


Epwarp G. GrinHAM, chief engineer, 
Standard Motor Co., Coventry, Eng. 


In a letter concerning the work of his 
company M1 Grinham writes: “Briefly 
we are engaged in a continual effort t 


improve the small and popular type of 
British car. Our experimental work alms 


to improve road performan by redu 

tion in chassis weight and the attall 

ment of engine B.M.E.P. of 100 Ib. pen 

sq. in., using compression ratios around 

6 to 6.5 to 1.” Mr Grinham joined the 
society n 192 
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Society in 1926 
M. Sopwith, challenger for th 
America’s Cup and received his friend 





F. 
tive, 
Mr 


Society 


Aviation 


» and 
quality of 
Recently he 


aviation for the 


Mr. Sopwith’s high tribute 


an aircraft designer. 





ERNEST SCHMID, director general, Usines de 
Roulements a Billes J. Schmid-Roost. 


Annecy, France 





Mr schmid s organizatior S one of the 
largest ball-bearing producers in the world 
Thev make all and roller be gs of al 
tyne Thr t he rings, Pulmer blocks, shaft 


7S, I 
hubs for tramways and 


hangers and roller 


iilways. They supply many of the greatest 
European firms Mr. Schmid notes in the 
ter accompanying his photograph that some 
rplane manufacturers are being supplied 
witl bearings ! successful operation at 
peeds up t 0,000 r.p.n 


R. 





BANKS, technical representa- 


Ethyl Export Corp., London 


Banks has been a member of the 


since 


1921. His monograph 


on the employment of tetraethyl lead 
in fuels for aviation engines has been 
published by the Royal 
Society and is a standard work o1 


Aeronautical 


the subject 





Harovtp HEATH, works manager, Hum- 
ber, Ltd., Coventry, Eng. 


Mt Heath’s organization produces 








Humber and Hillman passen * cars 
and Commer commercial vehi It 
s one of the largest combines n Eng- 
land and employs under M1 Heath’s 


ibout 6000 persons in produc- 


tive labor 





um- 












Maurice Pratt, technical editor, The 
Motor, London, Eng. 


In his capacity as technical editor of a 

leading British motoring publication Mr. 

Platt has developed a technique for road 

testing of passenger cars which has aroused 

much interest in the United States. He 
joined the Society in 1929. 


Masor T. M. Bartow 


Major Barlow has been chief engineer of the Fairey Aviation 


Co. Ltd., since 1924 and a director since 1929. He joined the 
Society during this year. 


Pierre LEMarrReE, director of the Central 
Technical School at Lyons in France 


Monsieur Lemaire has contributed to engi- 
neering in many fields. During the war he 
was responsible for organizing at Toulon a 
center for physics studies applicable to war 
at sea. Among the research work which he 
has directed personally include projects on 
the forms of loud speakers, mounting of 
diaphragms, submarine microphones, pro- 
peller oscillographs, ete., etc. He has been re- 
sponsible for the creation of several courses 
in acoustics in France. During the years, 
1925 and 1926 he was an exchange professor 
lecturing in American universities. His re- 
cent work has included study of chassis sus- 
pensions and mounting of motors in the 


chassis 


Joser CHMEL 


Mr. Chmel is proprietor and technical di- 

rector of the Elektronspol works at Prague, 

Czechoslovakia. The company specializes 

in the development of ultra-light magnesium 

alloys which are used in production by the 

celebrated engineering works of Czecho- 
slovakia. 
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FRIEDRICH WITTE W. P. MEESON, general manager, JEAN DONNAY, manager, Automo- 
Mr. Witte is consulting engineer Blackburn Aeroplane & Motor Co., biles Chenard & Walcker, Genne- 
to the German State Railways and Ltd., Brough, Eng. villiers, France 
S ¢ wor é or 4 re ars 
SS eee, = he Mr. Meeson is well known in the Monsieur Donnay has been a mem- 
author of many publications in this automobile industry as well as in ber of the Society since 1926. Th 
field and recently visited the United the aircraft industry, having been company with which he is asso 
States to make a survey of railcar associated with several American ciated is one of the largest ! 
practice in America. A summary automobile manufacturers before France, manufacturing four and 
of his findings published in German joining the Blackburn Aeroplane eight-cylinder passenger cars 
was exhibited at the Thirtieth An- Co. He became a member of the trucks a nd industrial veh cles | 
niversary Summer Meeting. Society in 1921. including a front drive car of inten 
, esting characteristics The com 
pany has been. buildine motor- 
vehicles since 1896 The first 


product being a  quadri 

which the operator rode a _ bicycle 

seat and the single passenger rode 

in front in a scoop-like arrange- 
ment 








Otro LOHMANN, adviser, Chinese Dr. ERNST VALENTIN Sypney S. Guy, managing director. 
National Government, Nanking, Dr. Valentin heads his own pub- Guy Motors, Led.., Wolverhampton. 
China lishing organization in 3erlin. Eng. 

They are the official publishers for . vr ‘ mre 
Mr. Lohmann is a German member + a allio Jccmemmeiitie Manufac- Mr. Guy joined the Society in 1920. 
of the Society who has worked in turers Association and publish sev- 7 a pelle Me lar — 
American, German and Chinese au- eral books which are known to — oso = -se th ! eat oe 
pomnetive, circles. Bnd several years automotive engineers throughout see gl + A =. fig > ig paneer 
1e 1asS yeen residen in lina as the world. l t é ( n 
adviser on transport problems to 


pany has been responsible for many 


the Chinese National Government innovations 


He joined the Society in 1928. 
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A. P. YOUNG, O. B. E., 
M.I.E.E., M.I.A.S., 
manager Rugby Works, 
British 
Thomson-Houston 
Co. hed. 


Mr. Young is a distinguished British authority on engi- 
neering management problems. He is one 
of the British Works Management Association and is a 
member of the Council of the Institution 
Engineers. Some years ago he received 


Medal of the I.A.E., for a paper on 


During the past twenty years he has presented numerous 

papers on engineering and industrial 

of the engineering societies in Great 
United States. 


GEORGE Murray, chief engineer, 
T. S. Motors, Ltd., Maidstone, Eng. 
Mr. Murray’s organization produces 


commercial vehicles including om- 
nibuses. 


of the founders 
the Crompton 
Electric Ignition. 


subjects to most 
Britain and the 





Automobile 


CHARLES RIDLEY, director and gen- 
eral manager, Triumvh Co., Ltd., 
Coventry, Eng. 


Mr. Ridley’s organization produces 

automobiles, motorcycles and _ bi- 

cycles. Their sports cars compete 
in most of the European trials. 
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Marius Ber iet 


Monsieur Berliet is head of Automobiles M. 
Berliet, with plants at Venissieux and Mon- 
plaisir. The company manufactures touring 
cars, tractors, industrial locomotives, rail- 
cars, and commercial vehicles with capacities 
up to 15 tons. The companv is ore of the 
largest in France and M. Berliet has been 
a member of the Society since 1921. 
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At the top is an aerial view of the works of 
the Standard Motor Co., Ltd., Coventry, Eng. 
Capt. J. P. Black (A °32) is managing di- 
rector of the company. E. G. Grinham 
(FM °29) is chief engineer. The inserted 
picture at the left shows the body-mounting 
line at the Standard plant. Several build- 
ings have been added to the company’s 
properties since the aerial photograph was 
taken in 1934. 


S.A.E. Members Play Dominant Roles 


Factories illustrated here 
. which Society members hold 
Plant of T. S. Motors, Ltd., Maidstone, Eng. vhich ty 
George Murray (FM 7°30) is chief engineer. 
F. J. Hughes (FM °22) is test engineer. 
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Plant and assembly-line 
view of the Blackburn 
Aeroplane & Motor Co., 
Ltd., Brough, Eng. Wil- 
liam P. Meeson (FM 721) ™ , 
is general manager of the ‘og 3 

company. 
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in Major Foreign Automotive Plants 


are typical of hundreds in 


important supervisory posts 


Properties of Robert Bosch, A.G., Stuttgart, 
Germany, are shown within the White lines 
of the picture below. Dr. Erich C. Rassbach 
(FM °27) is director of sales fer the company. 
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The plants pictured at the top and bottom of this 

page are operated by Automobiles M. Berliet in 

France. The upper plant is located at Monplaisir 

and the lower one at Venissieux. M. Marius Berliet 
(FM °21) is president of the company. 


The inserted picture shows the plant 
of the Gear Grinding Co., Ltd., 
Birmingham, Eng. H. F. L. Orcutt 


(FM °28) 


is managing director. 





Plant of the Alvis Car & 
Engineering Co., Ltd., 
Coventry, Eng. Capt. G. 
T. Smith-Clarke, direc- 
tor and chief engineer 


(FM ’21) 


20 Com, eat 


Guy Motors, Ltd., Wolverhampton, Staf- 


fordshire, 


Eng. 5S. 


director 


S. Guy, 
(FM ’20) 


managing 








Transportation and Maintenance 
& Session 7 
Monday, June 17 
What's the Destination for Motor Transportation? 
fustin M. Wolf, automotive consultant, New York. 


NJUST legislation in the 
introduction of 


middle of the 19th Century retarded the 
Motor Carrier Act, 
calls for extreme regulation, patterned after railroad control. The man 
differences between the two treatment without 
strangling the virtues and economies of motor transportation. The dif 
ficulty of attempting to regulate it is due to the fact that most “fleets” 
consist of one truck which is owner-operated and that only g per cent of 
all trucks are of the for-hire type. 

The present predicament of the railroads is due chiefl; 
ditions brought about by the depression, the result of 
and in not keeping in step with the 
The passenger automobile accounts for 


road locomotion. The 


1935, 


, 1c] 
services prevent like 


to general con 
over-regulation, 
advancement of other industries 
ome loss of revenue, but its use 
is taken for granted. It therefore seems strange that the other forms 
of rubber-tired vehicle are not accepted in the march of progress 

The Motor Carrier Act has 
and now awaits 


passed the Senate with slight 
action by the House. Most state legislatures 
to introduce measures which would unduly restrict 
tion. The N.R.A. Trucking Code had a very 


industry and made 


nange 
continue 
motor transporta- 
salutary effect on the 


possible the gathering of statistics 


which had here 
tofore been unobtainable. 
The railroads and their afhliated companies utilize 
tation to the extent of approximately 48,000 trucks, tractors and trailers 
Uniform codes are desirable in the interest of convenience and safety, 
and are making headway under the 
organizations. 


motor transpor- 


sponsorship of national, 


impartial 


Discussion 


R. H. C. Dickinson indicated that a propaganda favoring one or 
another form of transportation might fog the true issue or make 
it a partisan one whereas the proper objective for all transport 
should be to serve the best interests of the 


Vol. 


agencies 


public rather than any one 
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group. The public, he continued, has found it desirable to handle cet 
tain matters of general interest publicly rather than privately. In_ the 
long run the public pays for what it gets. There is no fundamental rea 
son why the user public should pay for highway use. We have found 


by experience that it is desirable for th 


operated and paid for in the 

[. D. Pratrr said that the 
commercial user employs. the 
than for the publi 


highwa to be owned and 
interest of the general public. 


1 


public is sincerely of the belief that the 


chiefly for 


based on thinking in terms of 


pleasure use, is reflected in political pressure 
influe nce. He 


highway private gain rather 


Prejudice, 


good. 


which has a controlling 
said that Mr. Wotr’s data indicating that 300,000 trucks 


operated under the code include all for-hire trucks is in error, for onl 


( per cent of such trucks were 


about 50% 


under the code There are, he said, 
Truck 
proposed will be a 


for-hire truck 


operators 


contend that such 


control as is now although 


railroad-minded = type 
denies this. It may not be 
will be based on railroad experience. 

In a proposed New Jersey bill the 
motor-vehicle 


I inter-cit 


CoorDINATOR EASTMAN 


pro-railroad but 


control authority would be by a 
commission, 
truck 


owner-operated carrier is likel 


including automotive men Today near! 


operator wants regulation. The on 


truck of 
to be forced out in time and the busi 
ness will be handled by a relatively small ] 


F. C. Horner stated that it appear 


number ot large operators 





] 


to him and 
portation men a virtual impossibility to regulate 


to many other tran 
privately owned truck 


unless they are consolidated in the hands of large operators, and this 
appears unlikely because individual owners as a class are politicall 
more powerful than large companies. The railroads, he added, are 


iverse to uniform law 
ynstitutes 


There is great difference of opinion as to what 
regulation 


Mr. Horner said that in putting through the [ 


ie 


reasonable 
S. Senate the East 
man Carrier Bill, SENATOR WHEELER left the impression that th 
Trucking Association favored the bill. 
puts regulating 


American 
This is not true of a bil 
authority in the hands of the Interstat 
Commission as now constituted, especially as this 


Ce 
which 
Commerce 


commission 1s Ie 


quired by law to protect the best interests of the railroads. It is not 
known what fate the bill passed by the Senate will encounter in the 
House. It should be remembered that the railroads are themselves 
large users or operators of trucks and that store-door delivery servic 
is likely to be extended by some Western lines, hence the railways 


are themselves becoming affected by truck legislation. 


Wor paper should class the 
than operators of trucks. 


more and more 


1 


He said that some of the tables in the 


railways as users rather 
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A. J. Scarre said that it is important to recognize that the trans- 
portation industry is up against propaganda rather than facts in_ its 
controversy with the railroads. Taxes, he continued, which are derived 
from highway users, are not, as formerly, being used exclusively for 
highway purposes. Truck operators not only pay these direct taxes but 
must meet the same taxes as other concerns, hence revenue is derived 
from them in taxes on their places of business as well as in taxes on sup- 
plementary business such as filling stations and 
would not exist without motor transportation. 


B. B. BacHMAN outlined some of the fundamentals that have led 
to the present need for automotive transportation and said that due 
consideration must be given to the new 


repair shops Ww hic h 


set of conditions which motor 
transportation has brought about. Highways have become more valu 


able; suburban communities which could not exist in some cases without 
motor transportation have become possible and are a living proof of the 
value of such transportation. He added that he is not in accord with the 
idea which considers the passenger vehicle as the “basic” type, as he 
believes this a fallacious assumption. 

PiERRE SCHON said that the Society has been dealing with transporta- 
tion matters such as are included in the Wo F paper for some five years. 
It need not, he feels, become involved in political matters, as_ three 
other organizations are fighting the battles of motor transportation, 
namely the Highway Users Conference, the Motor Vehicle Committee 
of the Automobile Manufacturers Association and individual state truck 
ing organizations. 

Continuing, he said that a committee of nine representing trucking 
interests in Michigan had found an answer to the work of a powerful 
railway lobby which advocated restrictive legislation in that State. This 
committee kept in close touch with legislative bills introduced as a 
result of that lobby, analyzed the bills carefully and then made the 
public aware of the heavy costs which the bills would involve if 
enacted. The committee acted only through its secretary but no step 
was taken by him without its approval. One bill which would have 
added about a half million dollars to the cost of delivering milk in 
Detroit by truck was successfully fought by aroused dairy interests. 

Other bills were similarly brought to public notice and their effects 
made apparent. In addition, restrictive bills, one of which required 
the employment of guards at all railway crossings which would have 
put a heavy burden on the railroads, and another requiring reflectors on 
the sides of railway coaches were prepared, some being supported by 
labor interests. These were ready for introduction if the lobby’s bills 
were forced out of committee. As a result, the only motor-vehicle 
legislation enacted at the recent session was a bill which required that 
school buses be painted red, white and blue! 

Leo Hurr pointed out that the public owns the highways and, in the 
last analysis, will decide how they are to be used. The public does not 
want delays when it uses the highways. For this reason it will insist 
that equipment be so selected that delays are avoided and will not 
put up with such delays as are found when a tractor with a small 
engine attempts to haul heavy loads and can make only very slow 
speed on grades, thus delaying other traffic. Delays of this nature may 
reduce the speed for trips from Chicago to Milwaukee for example, 
so that three hours are required for a trip otherwise safely made in 
two hours. It is thus apparent that the motor transportation industry 
should see that proper types of equipment which avoid delays are em- 
ployed. 

J. F. Wincuestrer made it clear that in New Jersey it is difficult to 
secure a newspaper comment giving the motor-vehicle operator’s point 
of view. He agreed that proper selection of equipment is important in 
avoiding delay of transportation. He indicated that it is unwise to 
appl; railway rates to automotive transportation just as it 1s to use 
the wrong type of automotive equipment. He stated that estimates 
place the cost of railway expenditures (presumably aimed at securing 
legislation antagonistic to motor-vehicles) at about $28,000 during the 
recent New Jersey legislative session. ‘This produced no return this 
vear. 

It has been found possible in New Jersey to appeal to the publi 
through chambers of commerce which have been helpful when the 
facts have been given them. They quickly appreciate that industry will 
suffer if the railways have their way in matters of truck legislation. 
The S.A.E. must take a stand in the matter before the public, Mr. 
Wincuester feels, and be prepared to give sound information on it. 

J. A. ANGLApa said that the Society must take an engineering interest 
in legislative matters and that a committee had been appointed to co- 
ordinate work along this line but had not functioned. This committee 
should become active, he said, and suggested the meeting go on record 
to this effect. 

L. V. Newton read an editorial from the Chicago Daily News which 
said that Coorpinator Eastman favors subjecting other forms of trans- 
portation than the railroads to similar regulation. Railroad regulation 
was imposed because they had a monopoly, but since they now have 
competition the need for regulation has passed.and they might be given 


greater freedom. In any event they cannot be saved from the penalty 
of obsolescence by imposing regulation on other carriers. 

Mr. WIncHEsSTER said it should be remembered that the railways, 
being financed by the Government, can afford to lose money and that 
we pay the loss in their earnings if they are reduced by cut-throat rates. 

In closing the discussion Mr. Wo rr said that he had sympathy for 
the railways: that their strangulation had been brought about by 
excessive regulation and that labor has a strong hold on them. The 
railways nevertheless have some basic advantages. He added that Mr. 
BACHMAN’s comments about transportation having been developed partly 
by a desire of people to see each other might be altered in the future by 
television enabling them to do so without travel. Goods cannot be shipped 
by television, however, hence the future of motor transportation should 
not be lessened by it as passenger travel may be. 


co Aircraft-Engine Session ror 


Monday, June 17 


The N.A.C.A. Investigation of the Cowling and Cool- 
ing of Radial Air-Cooled Engines—Donald H. Wood, 
aeronautical engineer, and Carlton Kemper, mechani- 
cal engineer, National Advisory Committee for Aero- 
nautics. 


HE development of an N.A.C.A. cowling giving a low drag and 

satisfactory engine cooling for a particular airplane and engine in- 
stallation requires the construction and flight testing of numerous ex- 
perimental cowlings. An investigation has been undertaken by the 
National Advisory Committee for Aeronautics to determine a rational 
basis for the design of the N.A.C.A. cowling. The effect of front and 
of rear openings and of inner and outer lines of the cowling on the 
quantity of air flowing through the cowling, the pressure drop, and 
the drag have been determined from tests of models in a wind tunnel 
The quantity of air and the pressure drop required for satisfactory cool- 
ing of a given design of air-cooled cylinder have been determined from 
tests of a single-cylinder engine. The results obtained from the tests 
of the models and the single-cylinder engine are being checked in a 
large wind tunnel using a 550-hp. radial engine fitted with a propeller. 
The effect of air speed, air density, and cooling-air temperature on the 
temperature of air-cooled cylinders has also been investigated. The 
multi-cylinder engine tests have been found to check the model tests 
and to give the effect of the propeller on the quantity of air flowing 
through the cowling. The method proposed for designing the N.A.C.A. 
cowling is outlined in the report. 


Further Progress in Controlled Cooling of Radial 
Aircraft Engines—J. M. Shoemaker, Chance Vought 
Corp.; T. B. Rhines, United Aircraft Corp.; and H. H. 
Sargent, Jr., Pratt & Whitney Aircraft Co. 


URING the last year studies by subsidiaries of United Aircraft Corp. 

on cowls for radial air-cooled engines have been continued in the 
wind tunnel and in flight. Model tests comparing the performance of 
fixed cowls under various conditions are reported, and further research 
on flapped cowls for controlled cooling is described. 

Tests were made over a wide range of flap angles to show the pos- 
sibilities of this tvpe of cooling regulation, and a new form of cowl 
with flaps located well behind the engine at the fuselage firewall was 
studied. Flight tests with such a cowl showed that the qualitative 
variations indicated in the wind tunnel adequately repreent full-scale 
conditions. The results of these flight tests are described in some detail. 

An attempt is made to reduce the various wind-tunnel results to a 
form suitable for estimation of cowl characteristics for design purposes, 
and the results of this work are correlated with information obtained 
in flight. 

The paper then discusses the structural design of flapped cowls and 
includes data relative to the air loads on flaps and to the resulting 
Hap-hinge moments. A _ powerplant installation with flapped cowl is 
described in detail. It incorporates a novel operating linkage to con- 
trol flaps located at the firewall. No inner or wrapper cowl is included, 
but an exhaust-manifold shroud prevents overheating of the accessory 
compartment and provides a supply of hot air for the carburetor. 


July, 1935 











48 S.A.E. JOURNAL 


Evaluation of Variables Influencing Air Cooling of 
Engines — Kenneth Campbell, Wright 
Corp. 


{eronautical 


O convert cooling results observed under ore <et of ndit 


vf conditions, to 

equivalent values for other conditions, a better under 
of the many variables involved is needed. The progress of experiments 
being conducted along several lines with this objective 


ported. 


standing of some 


um ViICW IS FC- 


Published data on heat transfer have been examined and, from these, 
a working approximation relating air temperature and mass flow has been 
set up. Single-cylinder and full-scale testing has conducted to 
evaluate this equation as applied to modern baffling 
to observe directly the effect of cooling-air temperatu: 


conditions. 
cylinder-wall temperatures under specified conditions have been made. 


been 
Tests 
variation on 
The effect of carburetor-air temperature on cylinder-wall temperatures 


experimentally determined. <A 
method of obtaining an indication of velocity through the baffle passages 


which is accurate under any condition of installation is described. The 


at constant manifold pressure has been 


volume of cooling-air flow through the baffle passages of a Cyclone 
engine is calibrated against readings of a baffle-flow indicator. 

Other variables still require evaluation The results obtained thus 
tar are submitted for the use of others concerned with this problem. 


Discussion 


|.  gghior- pent the first two papers presented at Monday morning's air- 


craft engine session were related, the different sub;ect matter pro 
duced a somewhat mixed discussion, ranging from scale effects in test 
ing N.A.C.A. cowlings to such 


items as 
temperatures. 

In answer to a question by Perer ALTMAN, Mr. Kemper stated that 
full-scale tests checked within a few per cent of 
sufliciently This applied 
results are affected more by 


tactors controlling engine-oil 


} 


model tests, at least 


close. 


cooling, since 


particularly to drag 

installation conditions than by scale effect, 

even. From this point of view he emphasized that the absolute drag 
value of the engine naceller was of little practical value. 

CaRLTON KEMPER, answering a question by A. W. Pope, Jr., em- 

phasized that the tests on N.A.C,A. cowlings were conducted to de- 

termine what kind of 


a cowling will cool how much horsepower at a 
given speed. 


Wa ter E. Lees objected to the present tendency of some 
companies to install flat circular baffle plates back of the propeller, caus 
ing oil temperature to run high. This initiated a discussion as to the 
question of oil cooling, P. B. Taytor being of the opinion that this 
was a problem requiring separate study, while F. M. Youne felt that 
the problems were related that any 


study of cooling would have to 
include the lubricating oil. 


Mr. TayLor admitted the problems were 


related but said that oil temperature was also affected by many other 
factors including scavenging of the crankcase, and mechanical work 
done on the oil (churning) resulting in a build-up of heat. 

Mr. Kemper said that no tests had been run with disc type baffle 


cowling, while D. H. Woop added that in the N.A.C.A. tests quite a 


few tests had to be stopped because of high oil-temperature build-up. 
Mr. Woop added that the use of a dishpan cowl sometimes would 
require additional oil radiation. This was made clear by H. J. Wuire, 
who pointed out that the nose of a radial engine is a rather effective 
oil radiator. 


In answer to a question by J. P. Stewart, Mr. Kemper said that 


the minimum differential in temperature around the barrel of an en- 


gine with the best cowling was about 150 deg. actual. On a 


cylinder engine, Mr. Kemper said, temperature differentials 
25 to 


single 
as low as 
could be obtained, but that with the N.A.C.A. 
blower effect could not be 


30 deg. cowling 
reproduced on complete engines lacking an 


idequate pressure drop. 


Pretacing the 


presentation of his paper on further developments in 
cowling aircraft engines, Mr. SHOEMAKER emphasized that the discus- 
sion indicated that in any studies of this kind, all phaves of installa 


tion and operation must be considered. In his paper Mr. 
had furnished considerable information on the flaps 
at the rear or outlet end of N.A.C.A. cowlings, experimentally establish- 
ing the best angle for such flaps as about 20 to 30 deg. 


z( 


SHOEMAKER 
deve'opment of 
| } 
length 
discussion Mr. 


with 
of flaps of various dimensions being tested also. In the 
CAMPBELI 


asked Mr. SHOEMAKER whether tests had been extended to 


flaps below 15 to 20 per cent of the core diameter. Mr. SHOEMAKER 
said no tests had been run below 15 per cent, and that the larger flaps 
used gave a reasonable hinge movement, there being no particular rea- 
son for investigating others. 

Mr. Woop said that Mr. 


the National 


reterring 


SHOEMAKER’s paper would probably save 


considerable trouble 


by the 


Advisory Committee for Aeronautic 


particularly to 


tudies made authors on pres- 
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sures inside and outside of 
the front curved 


N.A.C.A. 
an outward-forward pressure exists. 


cowlings, and the tact that with 
section 

Variations in cylinder temperatures 
discussion through Mr. Woop 
they had found top ¢ 
P. B. Taytor 


lers. 


during climb came into the 
at this point, Mr. SHOEMAKER Stating that 
vlinders run hot under such 


might be due to spark advance 


conditions, which 


suggested variations 1n 
ling 
Mr. Woop emphasized that Mr. SHOEMAKER’S investigations had dis- 
closed that the shape ot the 


ing, etc., which he 


inner cowl had little effect on overall cool- 
pointed out, agreed with N.A.C.A. findings. 

In answer to a question by Mr. Brown, Mr. SHOEMAKER said that 
the inner cowl was omitted and yet little change in accessories tempera- 
tures were provided 

admitted that a direct blast on the magnetos was neces- 
for proper cooling. Mr. Taytor said that this indicated 
that accessories derive their heat mainly 


disclosed a good and complete exhaust collecto1 
was used. He 
sary, however, 
rather clearly 


1 
coliector. 


from the exhaust 


Mr. Taytor said that apparently there 
of thought on the subject of engine cooling. 


might develop two schools 


Since, during climb, baffle 
they are high in level flight, some 
form of shuttering would seem to be desirable. One school he thought 
might make the baffles as tight as possible around the cylinders and 
increase the drop through the baffles during climb, through some form of 
flap at the rear. The other school might baffle passages 
shutter, to restrict flow 

Mr. Woop pointed out that the 
paper indicated clearly 
particularly with the object of increasing the wash-out at the 
said that the controllable 


direction, but that we 


pressure and flow are low, while 


provide large 
in level flight. 


cowling 


with a nose 


in th 


findings 
that considerable work was desirable on prope : 
hub. He 
pitch propeller had helped somewhat in this 
should be able to get 


pressure 


more flow for cooling 
hub of the propeller perhaps without loss in 


N.A.C.A. 


pare ntly de mands new propeller-design study. 


from near the 


purposes 


propeller efhciency. In other words, the cowling itself ap 


studies through the cowling, Mr 
question by H. J. 
ind that little 


In flow Woop said, in answer to a 


Wuirtk, very irregular characteristics have 
is actually known 
in the way of flow conditions. 


been found, 
about what happens inside a cowling 
Mr. Kemper announced that N.A.C.A 
program included studies with different types of propeller 
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Bringing the Italian Sky Down to Earth—™M. E. Merri- 


man, representative of Fiat, Detroit. 


HE Fiat high-altitude testing-plant can duplicat< 
quickly, accurately any combination of atmos- 


pheric conditions that may be found in an imaginary vertical column of 
air rising from sea-level to over 6 miles. 


aircraft-engine 
conveniently and 


To compare results, the out- 
put of an engine is measured in “standard air”, 
a definite pressure, temperature and humidity. 

The high-altitude testing-plant comprises the following: 

(1) An engine-test cell with a volume 
which is thermal insulated and airtight. 

(2) The refrigerating plant, which comprises a refrigerating machine; 
the cooling surfaces which absorb heat from the air 
test chamber, the air fed to the carburetor of the 
haust gases flowing from the engine. 


which is characterized by 
of approximately 6000 cu. ft 


enclosed in the 
engine, and the ex 


(3) An air-pressure-reduction plant which includes a turbo-blower, an 
automatic altitude-regulator and an exhaust-gas cooler. 


(4) The artificial-wind plant which can supply up to a wind speed 


of 100 m.p.h. at a pressure corresponding to an altitude of 16,300 ft. 
(5) The apparatus for humidifying the engine intake-air. 
(6) The engine-test apparatus: Hydraulic and electric power-brakes 
are used. The apparatus makes it possible to check the oil and fuel 


consumption, and the water temperature 
engine. 
(7) The central control-board was laid out so that the operator a 
ways has the entire test plant under full 
The Fiat-high-altitude 
experiments and _ re 


at the inlet and outlet of the 


observation and 
testing plant is the result af a long series of 
search work. 


Comparison of Spark and Compression Ignition En- 
gines for Aircraft Service—Kenneth A. Browne, project 
engineer, Wright Aeronautical Corp. 

HE need for 


is stressed. The basic 


summarized, 


improvement of fuel consumption in modern aircratt 
of oil engines for airline service 1s 
together with the effect of lower fuel 


mn the range and payload of airplanes. 


economy 


briefly consumption 
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The theoretical efficiencies of the Otto and Diesel cycles are com- 
pared with the efficiency actually obtained on present aircraft engines. 
The data are presented in condensed graphic form for easy comparison. 
A prediction is made of the fuel economy that may be expected from 
the gasoline aircraft-engine in the near future, together with a summary 
of the means required to obtain it. 

The prospective place of the compression-ignition engine in com- 
mercial and military service is briefly outlined. An analysis of the 
weight possibilities of compression-ignition engines as compared to 
present gasoline engines is made. ‘The two-stroke engine is selected 
as the type worthy of further development, and indications are that 
it will fall into the weight class with present gasoline engines. Both 
engine types will be further developed, and a specification for the future 
competitive Diesel is outlined. 


Discussion 
N his paper, Mr. Browne had stated that the performance available 
with four-cycle Diesel engines was completely overshadowed by gaso- 
line-engine performance, and therefore he visualized the future Diesel 
engine as a two-cycle type. CarL_ToN Kemper differed with Mr. 
BROWNE, stating that so far the research work done on both types by 
the N.A.C.A. had indicated that the four-stroke cycle was the more 
practical. 

Mr. Kemper stated that recently the N.A.C.A. had been working 
with a new form of combustion chamber, with which a specific fuel 
consumption of 0.42 lb. per hp. per hr. was obtained with brake mean 
effective pressures running up to 165 lb. per sq. in., and indicated mean 
effective pressures up to 210 lb.—the latter figures at higher total fuel 
inputs. The single-cylinder engine on which these data were obtained 
had a displacement of 135 cu. in., and was run at 1700 r.p.m., while 
fuel consumption, according to Mr. Kemper, could probably be brought 
down to 0.35 lb. per hp. per hr. with the engine. He pointed out 
that the engine had a mechanical efficiency of roughly 80 per cent. 

P. B. Taytor said that he did not believe that even these remarkable 
performances with a Diesel engine approached the performance of 
recent gasoline engines. The high mean effective pressure referred to 
by Mr. Kemper was with a blower pressure of about 10 in. of mercury, 
and Mr. Taytor claimed that the same figures could be obtained with 
an Otto cycle engine with only about two inches of supercharging 
pressure. 

Furthermore, Mr. Taytor added, 200 lb. brake mean effective pres- 
sure can be obtained today with gasoline fuels of only 87 octane at 
altitude, although special fuels would be required, he admitted, for the 
take-off. He did not feel that this latter requirement was particularly 
serious. On the whole question as to whether or not the “Diesel had 
caught up with the gasoline engine’, Mr. Kemper and Mr. TAyLor 
finally agreed that it had materially closed the gap, and that the gaso- 
line engine, at the most, was only a year or so of development work 
ahead of the Diesel, on an experimental output basis. 

In answer to a question by C. H. ScHLESMAN as to how much gain 
is possible on Diesel engines when using the higher grade Diesel fuels, 
as compared with the lower grades, Mr. KEmMpER said that the above 
referred to experiments carried on with laboratory Diesel fuel produced 
by Standard Oil Co. of New Jersey. Mr. Kemper added that on the 
whole there was not a great deal of difference in performance between 
Diesels operated with high grade Diesel oils and such fuels as the oil 
used by the Navy Department for submarines. 

M. S. Huckte questioned Mr. Browne as to the fuel consumption 
at part throttle of the gasoline engines referred to in Mr. Browne’s 
paper. Mr. Huckir wished to make the point that gasoline engines 
give maximum fuel economy only close to full throttle position. Mr. 
Browne stated that the data in his paper were obtained at around 70 
per cent of rated output, adding that in aircraft engines but little dif- 
ference exists in fuel consumption in the range of 50 to 80 per cent of 
rated power output. 

Mr. Huck te also expressed himself of the opinion that a fairer com- 
parison between gasoline and compression ignition engines would have 
to be predicated upon the use of premium Diesel fuels. Mr. Browne, 
however, did not agree with him that pump and injector troubles still 
necessarily accompany the use of “bunker” oil. T. B. ReENpeE also 
seemed pessimistic on the outlook for bunker oil as a Diesel fuel. 

A. L. Bratt championed the use of bunker fuel on the basis of good 
efficiency except where a minimum of ignition lag is desired and also 
on the possibility that its higher viscosity might be an aid in the re- 
duction of wear in the fuel and injector system. 

This discussion came about largely as the result of Mr. Browne’s 
specification that the desirable Diesel engine should be able to run 
on bunker oil. Mr. Browne added at this point that the given specifica- 
tions were merely an objective to shoot at. 

He also pointed out that one of the advantages of the Diesel engine— 
elimination of fire hazard—would be sacrificed materially if high vola- 


ulity oils were to be used, whereas bunker oil on the other hand acts 
somewhat like a fire extinguisher. 


At this point C. F. Lrenescn diverted the discussion by suggesting the 


possibility of entirely new types of fuels for internal combustion engines. 
Hydrogen he pointed out has three times the B.t.u. content of gasoline. 
While it would have to be carried under pressure in liquid form at low 
temperature, it would require only two-thirds the space of equivalent 
gasoline. The recent flight of the Clipper ship to Hawaii could have 
been made with an additional 1200 lb. of payload, if hydrogen had 
been the fuel, Mr. Lirenescn claimed. While he said that hydrogen 
would not be an effective fuel in an Otto-cycle engine, he claimed that 
it would be ideal in a Diesel type with few modifications. 

Mr. Kemper, referring back to his remarks on the N.A.C.A, ex- 
periments with high output Diesels, asked whether engine manufacturers 
could produce the necessary cylinder with steel barrels and screwed-on 
aluminum heads—to stand about 1000 |b. per sq. in. maximum pres- 
sure. Mr. Tayror said he would prefer to limit such a construction to 
a maximum of 850 Ib. In answer to another question Mr. Taytor 
added that the failure of such cylinders would not be immediate, but 
would be in the nature of a fatigue failure. 

In answer to a question by J. R. MacGrecor as to whether butane had 
been considered as a fuel with an Otto-cycle aircraft engine, Mr. BEALL 
said some thought had been given to the subject but that the high 
storage cost and weight of tanks were against its use. Mr. MacGrecor 


said that he did not feel that with good tank design, etc., butane would 
be out of line with present-day fuels. 


% Truck, Bus and Railear Session o 
Tuesday, June 18 


Diesel Engines in Transportation — O. D. Treiber, 
Hercules Motors Corp. 


AS described in this paper, a Diesel engine is an internal-combustion 
compression-ignition injection-engine. Some facts about Diesel en- 
gines for transportation service are presented for consideration. 

The Hercules Motors Corp. has developed, and now has in production, 
three sizes of six-cylinder Diesel engines for automotive service. These 
Diesels interchange in mounting dimensions with the Hercules “HX,” 
“RX” and “JX” six-cylinder series of gasoline engines and the Diesels 
are known as the “DHXB,” “DRXB” and “DJXB” series. These modern 
Diesels develop power which equals, or exceeds, that of a gasoline engine 
of corresponding displacement. While the weight of the Diesel is slightly 
in excess of the gasoline engine, the increased weights have not proved 
to be a serious detrimental factor in vehicle applications. 

Important questions relating to the suitability of a Diesel-engine 
application as regards noise, smoke, odors, vibration, acceleration and 


dependability, are discussed. Data concerning economy, power output 
and the like, are included. 


Discussion 


C O. GUERNSEY asked what Diesel engines of the type described 
* have done in actual field service and especially wat maintenance 
costs are, how bearings stand up, whether cooling problems are en- 
countered and what the bad and good points in service have proved 
to be. 

In response, Mr. Treiper said that maintenance data are meagre. 
Maintenance is expected to be somewhat higher than with gasoline 
engines, but there are indications that the difference may not be great. 
Some 400 to 500 engines are in service. 

Some trouble with bearings has been encountered but extensive ex- 
periments with various types of alloys and differing designs of bearings 
have been run and present types have given up to 800 hr. in con- 
tinuous service with crankshaft bearings showing only 0.0002 in. wear 
and rod bearings only 0.0004 in. Cadmium-silver, cadmium-nickel, 
copper-lead and various grades of babbitt have been tried and main 
bearings are now of babbitt with a heavy cap having no oil grooves. 
Rod bearings are a high-copper-lead bronze which is given extra clear- 
ance and fed with plenty of oil. The crankshaft is hardened to 650 
Brinell. 

Cadmium-silver bearings have been found to wear less than other 
types and some 40 sets are now in experimental service to determine 
whether any troubles will be encountered. Journals have been found 
good for some 3000 hr. of service, or about 75,000 miles of heavy 
truck service, and this may not be the limit of endurance, as one hard- 
worked tractor installation has seen 4000 hr. Their life almost equals 


that in gasoline engines and it is expected that the same life will be 
attained. 
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Mean effective pressures of 150 lb. per sq. in. are theoretically pos- 
sible and are one of the objectives aimed at. The limiting factors in- 
clude “breathing” capacity, and ability to mix fuel and air thoroughly 
in the short time available. Engines capable of 130 to 140 |b. are 
considered good. Heat dissipation depends largely on correct design 
of pistons and heads. No cracking of either has been encountered, but 
piston heads have been increased in thickness to improve heat dissipa 
tion. Some trouble with sticking rings was encountered but has been 
overcome. It will occur, however, if temperatures are not kept low 
enough to avoid decomposition of the oil. Head cooling has been 
improved by learning the location of critical points that tend to over 
heat and then forcing water against them with high velocity. 

H. E. Simi was asked to give his experience in the use of the engine 
under discussion but said he could not do so, as the engines in question 
are not yet in service. They are arranged to be interchangeable with 
gasoline engines of the same make, using an angled mounting which 
required a new oil pan. Practically no other change is necessary except 
for those involved in control rods and engine shut-off. 

A. W. Popg, Jr., stated that the friction losses in the engines described 
must be extremely low to secure the high thermal efficiencies reported 
To this Mr. Trerer replied that the results are given for engines that 
have been well run in, after 300 or 400 hr., and that the mechanical 
efhiciency is as given in published curves 

A discusser spoke of factors which make for economy in the en 
gines described and said that they are among the best on the market in 
this country. He mentioned the use of pre-combustion chambers and 
said that the thermal efficiency is increased by an extra air suppl H 
edded that much has been learned about what goes in and comes out 
of the combustion chamber but very little is known about the inte: 
mediate reactions, though it is known that quick combustion is de 


sirable. Good results are secured also in Europe on engines with 
combustion chambers. [his discusser asked for further facts about 
the results secured by the author, the latter replying that the research 
have been so extensive that he could not undertake to give even a brief 
ummary of the results 


J. F. WincHEsTerR said that he considers the Diesel subject young but 


important. He pointed to a different fuel condition in Europe and to 


lower labor costs there as being favorable to the Diesel. It has been 
found, however, that service costs on Diesel engines are higher and out 
of-service time greater. This is shown by tests of the London General 
Omnibus Co. already presented before the Society. This outstanding 


example of Diese! advantages has been favored by close relations be 
tween the producing and operating companies. Similar cooperation 
might prove desirable in this country 


Life in Diesel engines may prove longer than in gas engines when 
trafic conditions are involved. Higher manufacturing cost of the Diesel 
has proved a disadvantage here, but is less pronounced in some European 
cases as quantities are nearer to the gasoline type and labor costs are 
lower, perhaps $18 a week for skilled mechanics, against $40 to $5¢ 
here. Diesels here are still in the experimental category but continued 
improvement seems likely and should be encouraged. 

Mr. Pope said that some failures in Diesel engine service are sure 
to come about because of unfavorable conditions of operation. There 
is no doubt that Diesels are coming in truck service, however, unless 
fuel taxes on a ton-mile basis or otherwise are such as to offset ad 
vantages now securable. 

M. C. Horne added that the Diesel shows to best advantage where 
the mileage is greatest and the quantity of fuel consumed propor- 
tionately great. A number of things may be wrapped up in the fuel 
cost, however, and the question of supply and of taxes on fuel are 
among them. Mr. Horne cited an editorial in The Automobile En 
gineer, an enthusiastic supporter of the Diesel engine, indicating that 
proposals to tax Diesel fuel in England on some sort of ton-mile basis 
might result in eliminating its advantages. A similar condition, should 
it arise here, might wipe out the Diesel’s reason for being. 

To this Mr. Trerper replied that much depends on what the tax 
placed on Diesel fuel may be. The public, he indicated, seems to be 
getting fed up on the gasoline tax, much of which is diverted from 
road uses, and this may result in a reaction such that fuel conditions 
will be improved. There is not likely, however, to be any Federal tax 
on a ton-mile basis. It is true that the Diesel is still in the pioneering 
stage, but it may be expected to continue because of its fundamental 
advantage of high economy. Diesel users are likely to meet some dif 
ficulties, but economies are likely when difficulties are overcome. 

Mr. WINCHESTER suggested that the difficulties now encountered with 
Diesels are perhaps no greater than were encountered with gasoline en- 
gines some 15 or 20 years ago and that they will be overcome as they 
have been in gasoline engines. Some States now tax Diesel fuel at the 
gasoline rate. Should fuel taxes be eliminated road development will 
undoubtedly be affected. 

Austin M. Wo Fr said that laws are likely to be so drafted in regard to 
fuel taxes and that one of 6 cents per gallon on Diesel fuel may come 
about. It is therefore desirable to watch legislation which may 
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be 


slipped over by wording introduced in new bills, usually drafted by 


lawye rs. 


T. B. Renpev indicated that an eight-cent price on Diesel fuel might 
be considered about equivalent to a sixteen-cent price on gasoline. 
Mr. Guernsey said that a fuel tax is supposedly a road tax and that 
vehicles which use the roads running on Diesel fuel which is not taxed 
thus avoid a fair share of the road tax. He teels that there should be 
1 fuel tax regardless of the type of fuel used in the road vehicle 

A. J. Scatre said that the good business man will consider the prob- 


able situation some five vears hence and that this may well alter the 


problem when Diesel equipment is being considered. Highway depart 
ments are likely te favor a fuel tax regardless of the type of fuel em- 
ployed The motoring public seems to delight in fuel taxes, he said, 


hence there is small chance of tax relief on fuel from this direction 
Ek. R. Barnarp added that the public is very unsympathetic with 


. , 
trucking interests in the Chicago area as on some roads it is almost 





impossible to use a passenger car because of the heavy and obstructive 
truck trafhc There is also grave danger involved, as truck drivers ap- 
ear to have small regard for other highway users, sometimes driving 
thi il ist. 
G. E. Gray pointed out that the tax is in general about one third 
ie retail price ol the fuel and that th cost of handling ind transport 
tion should not be overlooked in figuring Diesel-fuel pric 
C. W. Goop said that a survey of fuel tax costs is being made in 
Michigan and that the results will soon be made availab!l From the 
data therein it should be possible to estimate the effect of ( 
Diesel fuel costs 
In closing the discussion Mr. TREIBEI ud that tate id 
tax Diesel fuel used in highway transportation and such taxes have not 
roved a serious bar to the progre yf the Diesel engit 
m. - . ‘ . 
co) Aircraft Session co 


Tuesday, June 18 
Design Problems and Methods for Large Flying Boats 
I. I. Sikorsky, Sikorsky Aircraft Corp. 


- the paper the author sets forth his reasons for believing in_ th 


practicability of scheduled transoceanic travel In analyzing the 
general fications of this future transoceanic flying boat. certain 
definite requirements are found, the first and most important of which 
is an increase in size over the present flying boat which necessarily 
must be developed over a period of years to the ultimate flying liner of 
I tons or more 


In transoceanic travel the mileage in most cases will be considerably 
more than that of land travel, necessitating long non-stop voyage 
therefore, a large crew consisting of two shifts will be necessary, which 
in turn results in the necessity for large planes and a great pay] 


justify thi 


oad to 
The large number of passengers will require ample room 


for spacious cabins and salons, and comfort approaching that now en- 


joved by the voyager in the modern surface vessel 

Airworthiness and ability to fly 
importance Less 
] 


through storms will be of great 
importance will be grven to landing and _ take-off 
speeds, as the large flying-boat will operate from harbors which are 
located at sea level and are far in excess in size to the conventional 
airport. Range will be greatly increased, and the cruising speed will 
be in the neighborhood of 200 to 250 m.p.h., enough to fly at a rea- 
sonable altitude to any important city in Europe within a day or less. 
There is no doubt in the author’s mind that, within a very few years, 
we will see large luxurious fast-flying boats maintaining a daily schedule 


to both Europe and the Orient. 


The Work of the N.A.C.A. Tank—Starr Truscott, Na- 


tional Advisory Committee for Aeronautics. 
(Paper not yet available) 
Discussion 


IFFICULTIES confronting the designer of aircraft intended for high 

altitude flying were brought to the fore in the discussion of I. I. 
Sikorsky’s paper “Design Problems and Methods for Large Flying 
Boats.” 

E.viorr G. Rem, in a written discussion read by CHAIRMAN PETER 
ALTMAN, questioned why the moderate supercharging of passenger com- 
partments will lead to prohibitive increases of weight, as indicated by 
Mr. SIKORSKY. 

M. E. GiunarerrF replied that he agreed with Mr. Reip as to the 
greater desirability of supercharging as compared with the provision of 
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an oxygen supply, but indicated that the added pressure would not re- 
quire considerable increase in skin strength to resist the internal pressure. 
Mr. GLUHAREFF pointed out that the Sikorsky S-42 has some 100 con- 
trols going out of the pilot’s compartment, all of which would have to be 
effectively sealed, a difficult matter perhaps considering that many of 
these controls are of the movable type. This would involve a small 
addition in weight of course. 

C. H. Cuarriecp added that the danger inherent in the possibility 
of a broken windshield or window through passenger carelessness or 
“boisterousness” was also a problem that could not be sidestepped 
easily. CHAIRMAN ALTMAN and Mr. GLUHAREFF disagreed as to whether 
night flying could be made comfortable at 12,000 ft. altitude without 
supercharging, Mr. ALTMAN taking the negative on the question, 

An interesting point brought out in Mr. Srkorsky’s paper was the 
material difference in landing speeds occasioned by whether the pro- 
peller was idling or braked. Mr. Sikorsky recommended the latter. 
Mr. Rein’s discussion questioned whether this might not indicate that 
nacelle design might not be unsatisfactory. Mr. GLUHAREFF admitted 
that nacelle design could be improved but that even then considerable 
differences in landing speeds—as high as 10 to 15 m.p.h.—would be 
encountered. 

Mr. Cuarrietp added in answer to a question by DonaLp Woop 
that the worst condition is a windmilling propeller where the propeller 
turns over the engine. 

With reference to a question by Mr. Rem, Mr. Grunarerr stated 
that the general conception of large lift resulting from aerodynamix 
design of the hull is not really encountered, and that such lift, ranging 
from one to three per cent, almost entirely disappears above 100 m.p.h. 


Mr. Truscorr’s discussion and films showed the method of testing 


model hulls. He stated that pointed step hulls have indicated possibility 


ot vastly reducing resistance and thereby increasing payload some 10 


per cent 

In the tests, wing lift is simulated by the drag of an inverted airfoil 
in the water behind the hull. In answer to a question by CHarRMAN 
ALTMAN, Mr. Truscorr stated that no attempt is made to vary the 
angle ot this airfoil with changes of hull trim angle, setting it rather for 
take-off conditions. He emphasized that while scale effects have been 


materially reduced, inaccuracies still exist and the installation was found 
to be adequately satisfactory 
error. 


Apparently some work is contemplated in the N.A.C.A. tank on the 
flow of water under the hull, but this has not been started as yet, ac- 
cording to Mr. Truscorr in answer to another question. The question 


of how this should be done was quite serious, Mr. Truscorr pointed 
out, 


within the normal limits of experimental 


@ Passenger-Car Session *® 
Tuesday, June 18 


Stresses in Connecting-Rods and Bearings—W. R. 
Griswold, Packard Motor Car Co. 


NCREASING demands on connecting rod bearings have indicated 

the necessity for additional methods of analysis to determine possible 
improvements in durability. In this paper attention is given to the 
possibilities of photo-elastic stress analysis as a means for determining 
the extent of the stresses occurring in the connecting rod and the bear- 
ing metal adhesion and to how these stresses might be affected by 
changes in connecting rod structures and , 
bearing metal adhesions to the rods. 

Studies were made of bearing metal bonded directly into the con- 
necting rod and of constructions involving steel liners of varying thick- 
ness with the bearing metal bonded in the liner. The results obtained 
by this analysis showed that, with the bearing metal adhesion in the 
rod, shearing stresses of appreciable magnitude occur in a skin of the 
bearing of varying thickness about the crankpin journal. The presence 
of these shearing stresses and their alternating character due to the 
changing bearing load during engine operation explain the necessity 
for high shearing strength in the bond of the bearing metal adhesions. 

The results of actual engine tests of bearings run to destruction show 
close agreement with the photo-elastic method of analysis. In the 
case of liners, maximum shearing stresses decrease as the thickness 
of the liner is increased. 

This method of analysis provides an indication of the limitations of 
soft bearing metal alloys and the strength of their bonds and shows 
that, in highly loaded bearings, bearing metals of higher strength 


and bonds of greater strength are necessary for major increases in 
durability. 


methods of applying the 


Engine Knock Measured by Electro-Acoustical Instru- 
ments—Neil MacCoull, director, mechanical research, 


Texas Co., and G. T. Stanton, Electrical Research 
Products, Inc. 


HIS is another chapter in the development of a quantitative knock- 

measuring apparatus. The first part of the paper describes tests in 
which the knock sound was picked up by a microphone located a few 
inches from the cylinder head of a test engine. Oscillograms were taken 
of the knock disturbance, and measurements were made of the energy in 
various frequency bands. The latter study included the effects of L-head 
and overhead-valve design, as well as some work with cylinder heads 
of iron, aluminum and bronze. 

It was found that the C.F.R. standard engine develops a pronounced 
peak in knock energy at frequencies between about 6000 and 7000 
cycles per sec., while the L-head design of this same engine had an 
additional peak between 3000 and 4000 cycles per sec. It was found 
also that a pronounced background of engine noise develops at fre- 
quencies below about 2500 cycles per sec. A brief account is given of 
the application of these principles to the measurement of knock in cars 
on road tests. 

The second part of the paper deals with a special microphone installed 
so as to be in direct contact with the gases in the combustion chamber 
which are at the seat of the detonation disturbance. It has been found 
that the use of filters which cut off low frequencies to varying degrees, 
has a pronounced influence on knock rating, and may be of considerable 
importance in the development of a routine knock-measuring procedure 
which will give better correlation of individual fuels with values obtained 
in cars on the road than does the method now in use. 


Discussion 


QUESTION put by Herserr Cnase was the only discussion of the 

paper by W. R. Griswo_p, who was asked how in the diagrams 
he showed, taken with polarized light, it was possible to distinguish 
between shearing stresses and compressive stresses. Mr. GriswoLp re- 
plied that a full answer to this question could be found in a book by 
Dr. Hyman dealing with photo-elastic stress measurements of the type 
involved. He made it clear that the method does make it possible to 
secure the desired data on shear and that the latter is twice the differ- 
ence between compressive and tension stresses in adjacent planes. One 
would have to become acquainted with the general subject dealt with 
in the book mentioned to understand how the character of the stress 1s 
determined. 

Discussion of the paper on knock studies was opened by J. P. 
STEWART, who questioned Mr. MacCoutr about some of the figures 
given in the paper. He asked in particular about the change in octane 
number of groups of fuels and whether the optimum setting or the 
original setting for frequency was used. 

To this the author replied that by standardizing the many require- 
ments of each mixture and giving the maximum scale reaching a curve 
is made similar to those in which the mixture ratio is set for the lower 
frequency setting. With different frequency setting the shape of the 
curve changes appreciably. Some have a rising characteristic and others 
are substantially unchanged. Benzol, instead of dropping, rose and 
some octane blends fell off but not rapidly. 

Asked by Pror. K. J. De Junasz why the location of the knock peak 
seemed to shift rapidly in the motion picture of knock oscillograms 
shown by the author, the latter replied that this resulted from an op- 
erator’s control which was varied to keep the peak as nearly central as 
possible. 

E. N. Kiemcarp asked whether the new method employed by the 
author would make it possible to select better secondary fuels by the 
Cooperative Fuel Research Committee with better assurance of repro- 
ducible results.) Mr. MAcCouLt answered yes, but indicated that many 
things have been learned as research tests proceeded. He added that 
reference fuels now used do not give the same antiknock values when 
prepared with primary standards of iso-octane and normal heptane. 
New tests will show whether fuels behave the same and if they are 
different they are not ideal, but they might have to be used for other 
reasons. 

C. H. ScHLesMan said that this is the first time that a tool has been 
placed in the hands of an automotive designer by means of which he 
can measure combustion roughness in absolute units. He may now, by 
the use of this tool, be able to design a combustion chamber which will 
give better results than the refiner’s test efforts with fuels may yield; 
especially as the new tool is not subject to the same limitations as the 
conventional bouncing pin method. The instrument is in effect almost 
an absolute knock meter, and might even be used on the road. Appar- 
ently the knock formerly thought of as a hammer blow is actually a 
complex sound or pressure wave. Now that this is known, it may even 
be possible for the fuel engineer to produce better fuels. 
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J. P. Srewarr asked whether the difference in behavior of the ma- 
jority of gasolines tested might not lead to criticism of primary fuels 
Mr. MacCou x said that his is only a preliminary report and that he 
had not yet assimilated all the facts himself. It may yet prove that 
octane heptane is a yardstick to be kept under a glass jar as are other 
standards in Washington. 

A. W. Pope, Jr., asked the author to enlarge upon his reasons for 
employing means of canceling or filtering out particular frequencies to 
which the reply was that the significant part of the wave form becomes 
clearer when the higher harmonics are eliminated. 

M. C. Horne criticized the fuel engineers for becoming so technical 
that the ordinary automotive engineer finds it difficult to follow them 
and asked whether the use of the filters mentioned by the author are 
to take out extraneous sounds, such as that made by valve noise, which 
the ear hears. The author replied that the filters are merely tools 
used to get better agreement between the instrument and the average ear. 

Stating that the curves in Fig. 11 of the paper show decided differ- 
ences between cracked fuels and iso-heptane gasoline mixtures, another 


speaker asked how many of the seven are “normal” gasolines contain- 


ing lead. Mr. MacCou tt replied that standard grades of fuel of about 
70 octane were used but that no special attention was paid to their 
analysis. Most of them had a small amount of lead but it is thought 
that the rising values are attributable to their cracked 
than to the lead content. 
showed a declining slope. 

Mr. Pope inquired whether the reason for using the filters was to 
screen out noise of a non-detonating type. The author replied that if the 
knocks are indicated by peaks and it was thought that if other noise 
could be eliminated the peaks could be studied to better advantage. 
When filters were changed it was found, however, that the peaks shifted 
all over. This apparently showed that the shape of the detonation wave 
has a different order of harmonics. The detonating frequency 
the engine size. In the size of engine used the frequency is in the 
neighborhood of 4000 to 6000 cvcles per 


[ sec. and if lower frequencies 
are cut out, the peaks are studied to better advantage. The filter is thus 
a tool to secure better 


agreement between the ear and the instrument 

In closing the discussion, CHAIRMAN KALB indicated that the engineet 
is interested in the audible sound rather than what may 
combustion chamber. Audible noise is affected by 
the chamber wall 


nature rather 
One natural gasoline which was investigated 


varies with 


occur in the 
bosses cast between 
and the jacket wall as well as by wall thickness 
Thin walls may tend to dissipate heat more rapidly but were found to 
result in more noise and in recent years have been made stiffer to 


reduce 
audible noise. 
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Mechanical Mind 


Sneed, Sneed Engineering Corp. 


Reading (Transmissions) 


- John 


HE author gives high lights of several years’ experience in the de 

velopment of automatic transmissions. Early designs are 
explained and reasons for changes to present designs are given. Ar 
attempt to explain 
to different types of 
drawn. Graphs are 
of different jobs. 


shown and 


as well as 
automatic 
presented 


“why” ‘how” is made. 


shifting is 


Driver reaction 
discussed and 


conciusions 


howing the acceleration 


} 
I 


laracteristics 


\ detailed description of the 
automatic transmissions is given. 


— oe ‘ - 
author’s latest development in fully 


He has stated his opinions, and dis 


cussion as to their merits is invited. Rather unusual conclusions are 


drawn as to friction-clutch engagement 


“Sky Hooks” For Automobiles—W. S. James, H. E. 
Churchill and F. E. Ullery, Studebaker Corp. 


LTHOUGH the basic theory of vehicle spring-suspension has been 
outlined frequently, there is a rather meager amount of experi- 
mental data on actual cars which can be used in connection with such 
mathematical analysis. In this paper the authors present some experi- 
mental results obtained by using the analysis outlined by Prof. James 
J. Guest before the Institution of Automobile Engineers, in 1926, and 
to make the experimental work more understandable, they present the 
essential points of Professor Guest’s analysis. 
Professor Guest starts his analysis of the movements of a 
with the simplest set of conditions and presents 
as an algebraic solution. 


Car body 
a graphical as well 
He then includes one additional factor after 
another in his analysis until the principal factors in car suspension are 
included. After all factors are considered, the essential structure of 
the simple analysis is retained. 


The author’s efforts at the experimental determination of the moment 
of inertia of passenger cars 
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were started in January, 1932, on Sir 


Charles Dennistoun Burney’s “tear-drop” design with which he visited 
leading American manufacturers. The first of the series of experi- 


ments was made by jouncing the car alternately about the front and 
rear axles. The front springs were blocked rigidly and the car jounced 
on the rear springs to obtain the period of the horizontal pendulum 
thus created. The large errors in the results obtained with full-scale 
tests gave rise to the question as to the correctness of the method of 
using a horizontal pendulum. To 
series of tests was made on a small 
accuracy of the large cradle further. 
The foregoing and other check tests are described in detail and the 


a 
results commented upon. The development of the formula used in 
calculating the 


moments of inertia obtained experimentally with 
horizontal compound pendulum is given, further to clarify the method 
described in the paper. 


answer this question, a_ further 


laboratory set-up to check the 


In conclusion, the authors state that it is not possible to draw an 
definite conclusions from the work described, but they feel that the 
analysis presented by Professor Guest has made it possible to visualize 


clearly many of the problems connected with vehicle springing. 


Discussion 


A DIVISION of opinion on the desirability of retaining a manual 


control with automatic transmissions was a highlight of the discus- 

sion of the paper ‘Mechanical Mind Reading (Transmissions)’’ by JoHn 
SNEED. Mr. SNEED had stated in his paper that the work he had don 
had led him to discard virtually all manual control. 
S. O. Wuire differed with Mr. 
self of the 


SNEED on this point, expressing him- 


belief that the driver does not want to be su 


rprised by un- 
wanted shifting of the 


transmission, and should be able to prevent tl 
[he argument seemed to some extent to come down to the noticeabilit 


of the shift and whether or not a noticeable 


time lag occurred, particu- 
larly on a “down” shift. As J. H. Hunt pointed out, time lag in shift 
ing is objectionable psychologically, particularly when the driver ha 
nothing to do during the interval. 

Mr. SNEED made the point in the discussion that one of the greatest 
mistakes engineers make is in believing frequently that the publi 
drives cars more or less the way they do themselves 

Mr. White pointed out that interest in power shifting has almost 
completely died out, and that interest is focused now on mechanica 


automatic remaining being “how?” He 


red the retention of manual shifting for parking condition 


shifting, the only question 


In answer to a question by W. S. 


James, Mr. SNEED said that, with 
his transmission, the speed selected by the transmission depends en- 


tirely on the torque input, irrespective of Car peed, up to a certain figure 











for each of the ratios Mr. SNEED claimed the absence of time lag 
for his transmission, also 

Replying to a question by Mr. Hunt, Mr. Sneep added that with 

transmission the car could be started by pushing, centrifugal pawl 
been provided for that purpose. The engine can also be used 

1 brake with the unit, as long as the transmission is 1n high gear, he 

w 

Discussion of the paper ‘“‘Skyhooks for Automobil vy W. S 
James, dealt largely with attempts to d op means of measuring h 
factors as periods, frequenci location of center of percussions and 
moment of inertia, for complete vehicles on an experimental basi 

Mr. JAMES’s paper was concerned with experiments at Studebaker 

ong these lines, with, incidentally, the general finding that the best 
ride is apparently obtained when the mass and elastic constants for the 
omplete car are about equal and when the frequencies about the centers 
yf percussion are fairly low. 

Mr. JAMeEs himself opened the discussion by asking whether anyone 
had I a satisfactory means ot determining the moment of inertia 
of a complete car. Pror. H. M. JAcKLIN stated that they had good re 
ults at Purdue University with an ‘“‘A” frame, a method which ap- 


parently had also been attempted at Studebaker, without a great deal 


ot success 


An interesting device for determining axis of rotation of 
R. W. Brown. This device or method 
consisted of mounting the car on a platform and 
it by means of a 


a complete 
yutomobile was described by Dr 


imparting motion to 
series of electro-magnets connected to the car by 
frequencies and phasing of these electro-magnets 


permitting wide variations in the application of the dis- 


flexible cables. The 


were variable, 


turbing forces. The electro-magnets were designed to give a pull up 
to about 250 lb. over a four-inch throw. Beams were used to extend 


the horizontal axis of the car beyond the wheels, and the centers of 
rotation were determined by shifting a mercury cur 
long, until the neutral point was found. 
Experiments were condt 
ittached both to the 


) containing a weight 


icted, according to Dr. Brown with the cables 


axles—to study tire deflection—and to the frame 
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of the car—to study the car as a whole. Dr. Brown stated that he had 
found considerable discrepancy between actual and computed periods— 
when computed from static measurements, also finding differences in 
results when the location of the points at which forces were applied 
was changed. 

In commenting on this, Mr. JaAMeEs stated that he had found it de- 
sirable to apply the forces near one center of percussion in order to ob- 
tain reasonably accurate figures for the movement about the other center. 

In answer to a question by J. A. ANGLADA, Mr. JAMes said that ex- 
periments have shown that the introduction of shock absorbers in- 
creased frequencies, and resulted in a shifting of the centers of per- 
cussion but that the shift varied with different types of shock ab- 
sorbers, triction types particularly causing considerable disturbance. 


o Diesel Engine Session @ 
W ednesday, June 19 


Analysis of Surges in Fuel Injection Pipes—K. J. De 
Juhasz, The Pennsylvania State College. 


HE performance characteristics of a Diesel engine depend on numer- 

ous factors among which the design of the injection apparatus is 
one of the most important. 

The characteristic of the fuel injection is influenced by the hydraulic 
phenomena in the pipe line connecting the pump with the nozzle, owing 
to the elasticity and inertia of the fuel. 

The present paper deals with a new, graphical method for determin- 
ing the pressures and velocities in the fuel pipe. This method of treat- 
ment is applicable to all types of injection (jerk pump, common rail, 
accumulator) and thereby supplies a common background for visualiz- 
ing the characteristic features of each, and the influence of the dif- 
ferent variables which occur in engine operation. 

The method is based on two main facts; (a) that in a liquid column 
a disturbance consisting of a change of velocity involves a proportional 
change of pressure and vice-versa, and (4) that in a liquid column a 


disturbance initiated at a certain point travels along the column with 
the velocity of sound. 


Built up on this basis the method consists in the construction of two 


diagrams: In the one, called the time diagram, the pressure and velocity 
at the pump-end and at the nozzle-end are plotted on a time basis. 
In the other diagram, called the p-c diagram, the velocity of the liquid 
is plotted as a function of pressure. From the two diagrams the time 
history of pressure and of velocity can be read for given design con- 
ditions. 


Although this method has been developed with injection problems in 
mind, yet it is applicable and useful for other types of hydraulic 
phenomena which are of engineering interest, such as surges 


in the 
conduits of water turbines. 


The paper gives detailed development of 
the method and numerous applications of it for fuel injection problems. 


Performance of High-Speed Compression-Ignition En- 
gines with Three Types of Combustion Chambers— 
Ernest G. Whitney, assistant mechanical engineer, Na- 
tional Advisory Committee for Aeronautics. 


IXING of the fuel and air presents the major problem in main- 
taining high efficiency at low excess-air percentages in the high- 
speed compression-ignition engine. The outputs obtained from a single- 
cylinder 5 by 7-inch test-engine with three types of combustion chamber 
are compared and their respective characteristics discussed. Airflow is 


depended upon for mixing the fuel and air in the pre-chamber engine. 


Performance is shown to be influenced by clearance distribution, con- 


necting-passage size, pre-chamber shape, location of the fuel spray, and 
boosting. The integral, or quiescent, combustion chamber depends upon 
multiple sprays properly proportioned and directed to reach the avail- 
able air 

Results of an extensive series of injection-nozzle variations are shown 
in tabular form. The effects of scavenging and boosting and of high 
coolant ternperatures are discussed. Optimum performance showed 
either type to be inadequate for use as an aircraft powerplant. 

The displacer-piston combustion-chamber combines the advantages 
of directed multiple fuel-sprays and forced airflow and gave performance 
definitely superior to either of the other two types, allowing smokeless 
exhaust to be obtained with only 15 per cent excess air. Effects of 
passage width, displacer height, displacer shape, optimum fuel-spray, 
high-temperature coolant, and boosting are shown. Friction is discussed 
briefly. Specific outputs are shown to be comparable with those ob- 
tainable from boosted gasoline engines. Further improvement in _ per- 
formance 1s predicted. 


Discussion 


F C. Mock opened the discussion of the paper by Proressor De 
* JuHasz by presenting a written discussion in which he said that 
with a fuel line 36 in. long and with a bore equal to half that of the 
pump an accelerating force of 2093 lb. per sq. in. would be developed 
at 1800 r.p.m. This force would result in a contraction of 1.2 per cent 
of the pump displacement and no discharge or acceleration of the fuel 
at the nozzle would occur. 

The fuel at the pump end of the line compresses before the whole 
line is in motion and waves are set up in it. Once when developing a 
low-pressure nozzle, despite repeated reduction in the strength of valve 
springs, the line pressure could not come down. Even with the nozzle 
off and the line open, high pressures were created. A 28 in. line gave 
the maximum inertia pressure. Since inertia pressure valves are largely 
independent of the nozzle setting, when we are asked what injection 
pressure is used on a given engine we must be explicit, specify both the 
nozzle opening pressure and the inertia pressure values. 


Stroboscopic observation of fuel discharges is highly important. It 
is found desirable to fit a contact breaker on the fuel pump shaft so it 
is in absolute time with the pump and also to mark angular positions 
on the flywheel or on a disk on the pump shaft also. Timing, dura- 
tion, character and consistency of discharge may be determined in 
this way. It is unsafe to draw conclusions from any engine test unless 
injection discharge is normal and of the character desired. 


Line waves seldom appear to affect average volumetric discharge per 
minute of a system, provided it is of a type having a non-return valve 
at the pump outlet and at the nozzle and the clearance space over the 
plunger is not large. The time of beginning discharge is slightly 
affected and that of ending quite markedly so, by the resonance-fre- 
quency of the line. 


Cyclic variation in successive discharges I have never seen publicly 
recognized. On a full line with an open nozzle the accelerating force 
is a large percentage of the nozzle opening pressure. If the line- 
resonance is such that the wave peak reaches the nozzle outlet at the 
termination of discharge, it may partly evacuate the line giving greater 
discharge than the pump feeds into the line. As a result, the accelerat- 
ing force on the next discharge will not be so severe. The line may be 
partly or entirely refilled at the end of this discharge or the next, dur- 
ing which the engine charge will be less than the line receives from the 
pump. 

When the line is filled the cycle will be repeated. A condition of 
instability is set up since successive discharges from the nozzle vary. 
The irregular action seems to occur only when the line inertia pres- 
sure is 50 per cent or more of the injection-valve opening pressure. It 
can be stopped by enlarging the line diameter or by increasing the noz- 
zle spring setting, but both these steps increase the volume charge of 
the line and the tendency toward intermittent discharge on idle, hence 
there seems to be a limit on line lengths and engine speeds that may be 
used in solid injection with current pump types. By intelligent propor- 
tioning of different elements the trouble can be eliminated for such 
speeds as are likely to be achieved in the next few years. 

CarLton Kemper read a discussion by A. M. Rorurocx, who said 
he agreed that a graphical method of solving the hydraulics of a fuel 
injection system is desirable but that the method shown in the paper 1s 
more confusing than a mathematical one. The Davies and Griffen 
method cited in the paper is the most simple. Once their solution is 
understood, the solution of the hydraulics of a system is not difficult 
though it may be tedious. 


The problem facing the engineer, PRorEssor De Junasz says is: “What 
should be the characteristics of the injection apparatus in order to ob- 
tain a fuel discharge with a specified time-history of pressure and 
velocity”? This seems more important than the inverse problem. This 
problem can be solved by the mathematical method but no solution 
has been given for it by the graphical method. A specified time rate 
of discharge may give impractical results from a designer standpoint 
but the mathematical method will show these facts to be true and also 


indicate how specifications should be changed to give the problem a 
practical solution. 


W. E. Lercu said he believes a graphical analysis satisfactory for the 
designer. He said that conditions change with different types of fuel 
but he advised a thorough study of surging by those interested in high- 
speed solid-injection engines, as many of the troubles encountered with 
such engines can be traced to surging conditions in the fuel pipes. 
This is especially important in “imperfect”? liquid fuels such as are 
commonly employed. Perhaps 30 per cent of the perfect operation of 
injection equipment lies in proper delivery of the fuel and about 70 per 
cent in proper mixing of the fuel in the combustion chamber. 

C. F. ALDEN expressed doubt as to whether designers of engines could 
rely upon either mathematical or graphical analyses such as the author 
had made, because of their time-consuming nature. It might, he said, 
be quicker to rely on experimental methods, especially as tube sizes 
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are few, nozzles are more or less standard and a definite length of tub- 
ing is required. 

In discussing the Whitney paper, A. L. Beat said that the carburetor 
engine shown in the last figure is treated rather conservatively. Bores 
up to about 7)% in. are possible and almost the same fuel economy as 
with Diesel engines can be secured. 

Proressor De Junasz asked for data on the frictional mean effective 
pressure in two-stroke engines, saying that it would be serious if it 
exceeded 30 lb. per sq. in. Mr. Wuirtney cited tests at Langley Field 
in which the friction on two-stroke engines was less than in four-stroke 
types. Friction increases faster with the speed, however, because more 
air is supplied. 

O. D. Treier said that he appreciated the value of papers such a 
those presented at the session but that engineers who build engine: 
and who must make them perform, rarely find time to make intricate 
calculations, which are pushed aside in favor of experimental solutions 

J. R. MacGrecor asked what would happen if valve seats were put 
in a “pancake” type of pre-combustion chamber. Mr. WuitNey re 
plied that scavenging advantages would be sacrificed and that pumping 
friction might be increased as air would be forced through a restricted 
opening throughout the stroke. This is avoided by using a displacer. 

F. C. Mock stated that the temperature of the chamber wall is im- 
portant and may have much to do with efficiency as well as witl 
smoking. Future tests might well include measurements of the wal 
temperature, he added. 

A. W. Pope, Jr., asked whether the author had data on the differ 
ence in friction as between the displacer-type and disk or spherical 
chamber. Mr. Wuirtney replied that they had not secured satisfactor 
data in this regard but hope to have it shortly. 


Harte Cooke said he likes the way that N.A.C.A. investigators work, 
changing one variable at a time and noting results. In small engine 


less excess air is required than in large ones because in the large type 


the air performs an important cooling function. As a greater exce 
is required in the large engine, its specific output is lower. He men- 
tioned the fact that destructive effects on pumps had been traced to the 


effects of harmonic pressures developed in fuel lines. Pressures of 
200 to 300 |b. have been found even in open pipes Pomero ind 
Dieterichs have secured information about surging, he continued, and 
have reported on it before the A.S.M.E. 

Proressor De Junasz said that several discussers missed the point of 
his paper. He had pointed out one method of the three which might 
be used to supplement other methods. 

Answering a question of F. M. Younce about heat given off from the 
engine, Mr. Wuitney said there was less loss to the water with the di 
placer chamber but he could not say whether it “balanced out’’ 


>) 
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Fo) Tractor and Diesel Session ot 


W ednesday, June 19 


Agriculture and the Automotive Development—C. D. 
Wiman, Deere & Co. 


(UL HOUT the substitution of machine for man and animal power 

in agriculture, we could not have reached our present high stand 
ard of living in America. Our industrial, commercial and scientifi 
development down through the years has been in direct proportion to 
the release of man power from the basic job of producing 
clothing. 


' 
ood ana 


We began as a nation of self-providers. Every man raised, processed 


and manufactured the physical needs of his family. With his crude 


implements, he was able to produce little more than the simple require 


ments of his dependents; there was but a small surplus for the support 
of those who sought to develop trade and industry. 


In 1820, two hundred years after the landing of the pilgrims, 8 


per cent of gainfully emploved persons still were engaged in agricul- 


tural pursuits. Then came the invention of the reaper, the steel plow, 
and numerous other farm machines that were greatly to increase the 
productive capacity ot the farm worker. Man power was released and 


turned to the invention and manufacture of new products and services 


that were to add to our comforts, to our means of communication, and 


to our world commerce. 


This trend to fewer farm workers gained impetus with the devel 


the leveliop 


ment of the tractor and other big-capacity machines and, in 1 


22) per cent of all workers were engaged in agriculture. It is these 
millions of people, released from the soil, who man our factories, run 
our transportation lines, mine our coal and ore, operate our stores, 
and maintain our service industries. Without them, America could not 
have reached her present pre-eminent position. 


Vol. 37, No. 1 


Diesels on Canadian Roads—H. L. Wittek, consulting 
engineer, Toronto. 


eased rapidly during the last two years. Recent purchases show 
that many operators have begun to standardize on this type ot equip 
ment. 


| HE number of Diesel-engined vehicles on Canadian roads has in- 
cr 








The paper traces the history of this development, relating as well 
difhculties encountered in the beginning and also satistactory result 
obtained by the more recent units. Initial cost, operating and main 
enance expenses are stated, and it is shown how new engine-design and 
special materials have reduced the last item. New experiences derived 
from operation in very low temperatures are related and 1 ede 
proposed to overcome cold-weather difhcultic Questions o ! i 
ubricating oil and some necessities of successtul maintenan ire di 
ussed 

Difficulties are described which occasionally are encountered when the 
isoline engines of existing chassis are repl by Diesels, und sug 
gestions are made for avoiding such difficulties by selecting suitable en 
ine type 

Some questions, referring to automotive oil-engines in neral, a 
raised. such as torque characteristic, manifolding, governing and starting 
irrangements. ‘The effect of fuel-pump-output limitation upon engi 


performance is described, and it is shown how the pump output can be 


ontrolled to agr with the available amount of combustion aut 
Final! ome recent developments in high-speed oil-engine design are 
nti d nd attempt is made to foretell the future of the Dic 


Discussion 


™~ | } 
€ AIRMAN CUMMINS opened the discussion by agreeing with the 
eaker that the b] I | 


peak problem of water freezing in the radiator in the 
winter time wa rious but thought that it could be worked out 
O. D. Treiper asked about the mileage life of the bearings, piston 
ind piston ring 
In rey Mr. WirTEK stated that some engines have had a bearing 
if 70, miles, some only 50,00 One engine he saw had gone 
without bearing failure Another engine went 32, mile 
vithout being touched even for sprayer cleaning. One engine showed 
ittle wear at the top of the cylinders after 95,000 miles, while another 
needed new liners after 45,001 Two engines running under the same 
ynditions, using different fuels, showed a great difference in cylinder 
life; one being perfect after 80,000 mil the other needing new liners 
ifter 48, He agreed with Mr. Treiper that the results were not 
11wa consistent 
G. E. Gray asked about the life of the pump 
Mr. WitTexk in replying told of some troub vith earlier Bosch 
um One was the breakage of return ring He uid that after 
l mile it was advisable to yndition the u ) the powel! 
would begin to fall off. He mentioned that the cost was slight 
Austin M. Wor inquired about the relative wear of pistons and 
ings in gasoline Diesel engine 


Piston wear, according to Mr. WitrtreK was about the same, except 





in one ase where 1 cast-iron ring carrier insert wa used in tne ijum 
num piston, when the piston, piston rings and cylinder liner showe 
more weal 


Mr. Gray told of an experience with a Diesel engine, the rings of 





which gummed up after each 25, mile yf operation 

Mr. WitteK said a possible explanation would be poor fuel or 
ubricating oil t Canadian operators use oil reclaimers and change 
il after s< miles, the Gardner being changed every 18 

\. W. Popr, Jr., asked for more details on the lower maintenance cost 
of Diesel engines as hown in the iper 

In explaining, Mr. Wittrek mentioned that although the co iriSOl 
vere fair, there was some difference in the size of the units and 


the gasoline chassis was older, increasing the chassis maintenance costs. 





Lubricating oil costs were higher in the gasoline engin The figu 
were intended to show that costs were comparable and not n i 
higher for the Di 
CHAIRMAN CUMMINS agreed that the cost of maintenance, a ved 
by operations here, was about the same for the two types of engine 
Expressing surprise at the lack of cooperation by the Canadian oil 


JacKson of the Caterpillar Tractor Co. asked several 





questions a operating costs and the difficulty of etting fuel with 


the right pour point 





Mr. WirTTeK indicated it was onl yme of the smaller companies 
which did not cooperat Th oper pour point, | xpl 
vclow the outside operating temperatu Where the temp 
40 below zero as in some parts of Canada, it was necessar 
the tank, to use warm oil, and in extreme cases to wrap the exhaust pipe 
around the tank 

CHAIRMAN Cummins told of eliminating waxing in the filter using 











ed 
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a metal-fin-type filter, placing it in a warm part of the engine compart- 
ment. He questioned the use of the compression release for starting, 
saying that carbon would get between the valve and seat, causing trouble, 
and that the push-rod mechanism would become loose. To get more 
heat for bus service, he had used a water-cooled manifold in one case, 
which gave the necessary additional heat. 


@ Passenger-Car and Body Session ®% 
Thursday, June 20 


The Properties of Cellular Rubber for Passenger-Car 
Cushions—H. FE. Elden, Dunlop Tire & Rubber Co. 


_ improve riding comfort an automobile seat must receive the body 
without shock, and then support it in a natural position. Exces- 
sive local pressures on the human body must be avoided. It must act 
as an auxiliary suspension-system to reduce to a minimum shocks aris- 
ing from road irregularities. Static-load deflection-curves give valuable 
information on the ability of a seat to receive a passenger without shock. 

Cellular rubber is a new material which consists of countless inter- 


connected air cells which provide complete porosity. It is made from 
| method, and has valuable properties to meet the afore- 


mentioned requirements for an automobile-seat cushion. 

The ability of a cushion made of this material to adjust itself to the 
contour of the body tends to equalize the pressures, thereby increasing 
the initial and sustained comfort. 


The vood 


latex by a nove 


vibration-absorption and damping properties of cellular 
rubber are due to the high energy-capacity and hysteresis loss of rubber, 


plus the cellular nature and air contained in the molded cavities of these 


cushions. 


Durabilit ise of trimming, possible reduction in weight, absence of 
odor and noise, hygienic properties, and appearance are other important 
featur of this material. The absence of feeling uncomfortably warm 
is due to the complete porosity which affords excellent ventilation. 


Discussion 


“"Cgyeongen RABLE interest in the use of rubber instead of springs for 


seat cushions, was evidenced in the live discussion following the 
a paper on that subject by H. E. Evpen, technical man- 
ager, Dunlop Tire & Rubber Co. 


G. W. Brair, Mishawaka Rubber Co., stated that no two people ever 
agreed on what a 


presentation oi 


seat cushion should be or do, adding that most designs 
were compromises between comfort and sales considerations. In answer 
to a question on the life of the cushions Mr. ELpEN said that the life of 
rubber seat cushions had showed up very well, the London General 
Omnibus Co. not having had a seat-cushion failure in five years of oper- 
ation. 

CHAIRMAN Keys referred to the frequent complaints of uncomfort- 
able seats in trucks, to which J. H. Hunt replied that in light trucks 
for normal roads, the ride is probably better without than with a seat 
cushion, since the latter represents a flexible means of transmitting or 
inducing large vertical accelerations to and in the passenger. 

In answer to a question by James E. Hate, Firestone Tire and Rub- 
ber Co., Mr. Evpen said that permanent set or sag of rubber seat cush- 
ions depends largely on the density and quality of the material, and that 
if both are good little trouble would be experienced. 

In answer to another question Mr. Evpen said that auxiliary rubber 
cushions while assisting in distributing “‘pressure”, were not as desirable 
as seat cushions made entirely of rubber without springs. 

M. C. Horine pointed out that rubber lends itself better to form mold- 
ing than other materials or methods of construction. Considerable dis- 
cussion ensued, led by W. E. ENGLAND, as to the cost of the equipment 
which might be required with large-scale production of cellular rubber 
cushions, considering the time of curing involved. 

B. J. Lemon said that he had never seen in this country a really 
scientific discussion on damping qualities of rubber, although informa- 
tion on such a subject was highly desirable. In answer to a question 
by Dr. Lemon, Mr. EvLpen said that it can be proved that mechanical 
working of rubber will increase hysteresis (or damping) “loss”. 


Stout Offers Discussion 


HE relationship between visibility for the driver and motor-vehicle 
ccidents proved a topic of more than passing interest. Introduced 
by Presip—ENrT Stour in an informal address on modern car design 
trends, the question of the necessity of increasing visibility seemed to be 
rather well accepted by the audience. J. H. Hunt agreed with Mr. 
Strout that present-day cars were unsatisfactory from a visibility stand- 


point, adding that he believed this to be the most objectionable feature 
of the cars. Presiwenr Stour contended that reduction in the number 
of accidents was of greater importance than increasing safety of car 
occupants in case of accident. From this point of view he felt that 
the driver should be located well forward in the vehicle. 

Substantiating the effectiveness of such a location for the driver, 
J. A. ANctapa cited the relative accident records of the sth Ave. and 
Madison Ave. bus lines in New York City. The Madison Ave. buses 
have the driver located in the front of the vehicle, and have shown, 
Mr. ANnGLApDA said, fewer accidents per vehicle mile in spite of faster 
schedules, worse trafic conditions, and less experienced drivers. 

During the discussion Messrs. Hunt and Strout engaged in an argu- 
ment as to the future of such vehicles as Mr. Srout’s rear-engined 


Scarab. Mr. Hunt felt that chances for such cars depend largely on 


whether there is any possibility of improving the present types. He felt 
that there was ample opportunity. It was Mr. Srout’s contention, on 
the other hand, that many of the things which he believes must be 
brought about cannot be done gradually, and that some time or other 
a big step would have to be taken. 

Freprick E. Moskovics agreed with Mr. Srout that it was necessary 
to do something to avoid collisions. A discussion ensued as to the feel- 
ing of security in driving a car without a hood along which to “aim”, 
which brought out the point that some people drive by sight and others 
by feel and that the transition from one to the other is not difficult, al- 
though gradual. 

Merritt C. Horine pointed out that truck and bus companies had 
experienced the same trepidation when introducing cab-over-engine 
models, but that they had found that drivers, after a little experience, 
preferred such a location to a rearward location in the vehicle. 

Joun A. C. Warner expressed himself of the belief that many of the 


car trends of the future would be along the lines indicated by Mr. 
Srout’s development. 


2 Fuel-Volatility Session @ 
Thursday, June 20 


A Forgotten Property of Gasoline—J. O. Eisinger and 
D. P. Barnard, Standard Oil Co. of Indiana. 


T is recognized that volumetric efficiency (and therefore specific out- 

put) can be increased by reduction in manifold temperature,. pres- 
sure drops, and the like. The present investigation has been directed 
at the determination of the changes in volumetric efficiency which may 
be obtained by fuel-volatility variations. The results of this work may 
be summarized briefly as follows: 

(1) Very substantial improvement in engine performance can be ob- 
tained by taking advantage of suitable volatility increases. 

(2) A given degree of improvement in the distribution characteristics 
of a fuel can be obtained by combining “front-end” and “‘total’’ volatil- 
ities in a fairly varied manner. 

(3) The distribution characteristics of a gasoline can be judged satis- 
factorily by using the amount evaporated at 158 deg. fahr. (A.S.T.M.) 
as a measure of “front-end” volatility and the temperature of the go per 
cent evaporated point as an index of “total” volatility. 

(4) It is possible to attain a marked degree of distribution improve- 
ment without resorting to extreme variations in either “front-end” or 
“total” volatility. 

(5) It appears that volatility improvements (properly chosed) con- 
stitute a real opportunity for increasing the usefulness of automobile 
fuels. 

(6) The improvement in the volatility characteristics of gasolines 
during the last four years has been much more marked than that which 
occurred during the entire ten years prior to 1931. The increasing and 
more intelligent application of the seasonal adjustment of fuel volatilities 
is indicated to be of real worth to the car operator. The actual value 
of ‘‘weather-wise” gasoline in the operation of a car is not generally 
appreciated but will become an increasingly important factor in induc- 
tion-system design and improved engine-performance. 


The Economics of Gasoline Volatility from the Refin- 
ing Viewpoint—Hugh W. Field and Merrill J. Fowle, 
Atlantic Refining Co. 


URING the last decade there has been a steady trend toward more 
volatile gasolines. Lately, there has been offered to the public an 
extremely light motor-fuel, the general production of which will 
markedly affect the refiner. 
Motor fuel is generally a blend of ‘‘natural”’ or straight-run gasoline 


and cracked gasoline. Natural gasoline is considered as comprising that 
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fuel obtained directly from the crude—casinghead, compression and 
crude naphtha—while cracked gasoline is produced by decomposition 
of the unused portions of the crude. 

Although there is at present an excess of casinghead gasoline which 
makes possible the production of these light fuels at low cost, a gen- 
eral production of them would mean that only that amount of light 
material recovered from the crude being handled would be available 
for blending to the lighter fuel. If the lighter fuel were made in this 
manner, it would ultimately cost the motorist 23 per cent more than 
the present type of gasoline. If this same gasoline were made by a 
cracking operation, it would necessitate a 35 per cent increase in the 
consumers’ price. 

Inasmuch as most refineries produce a gasoline that is a blend of 
these two materials, the ultimate increase in cost that must be borne by 
the consumer would amount to 29 per cent. These figures do not take 
into account the decrease in daily production of gasoline caused by the 
shift in volatility, and are, therefore, on the low side. However, it has 
been shown that the motorist ultimately will have to pay about 30 
percent more for whatever benefits he may obtain by the use of these 
very volatile gasolines. 


Vapor-Lock Traits of Cars and Their Limitations on 
Gasoline Volatility—Neil MacCoull and E. M. Barber, 
The Texas Co. 


APOR lock is defined as any interruption to the normal metering 

characteristics of a carburetor, due to vaporization of fuel in the 
fuel system. It may be an excessively lean mixture, as it usually is 
when vapor lock occurs during fast hard driving, or an excessively 
rich mixture as it sometimes is when vapor lock occurs while idling 
after a hard run or on a hot start. Various causes and cures for vapor 
lock are discussed, and it is shown that in general vapor lock is gov- 
erned by three factors: 

(1) The temperature to which the gasoline is heated in the auto- 
mobile fuel system. 

(2) The vapor tolerance of the fuel system. 

(3) The volume of the gasoline vapor formed at the temperature 
to which it will be heated in current fuel systems, i.e., 
characteristic. 


its vapor-locking 


Measurements of the above three factors are given for a group of 
typical commercial fuels, and for 1934 and 1935 model cars represent- 
ing over go per cent of each year’s sales. Many of the temperatures 
found were so high that commercial gasolines would boil under some 
driving conditions, but vapor lock is reduced by venting the vapor 
formed. It is concluded that this is not a satisfactory nor final solu- 
tion. It is concluded also, that the vapor-locking characteristics of 
fuels cannot be specified by less than two values, from which the actual 
boiling point can be determined, as well as the volume of vapor pro 
duced when the gasoline is heated above its boiling point. 


What Price Dynamite? 
Corp. 


C. H. Jorgensen, Delco-Remy 


ye the starting and running of an engine, certain carburetor corre« 
t 


ions are necessary to compensate for differences in engine tempera- 
tures, air velocities, and manifold depressions from normal running 
conditions. The amount of these corrections are further dependent 
upon the volatility characteristics of the fuel. 

By bricfly reviewing our carbureting problems in the past, we find 
that heat, its application and control, has been an important factor in 
the successful handling of our commercial fuels. Automatic tempera- 
ture-controlling devices have been developed that maintain uniform 
water jacket and mixture temperatures, irrespective of engine speeds, 
Joads or climatic temperature conditions. With the development of 
the automatic choke, the necessary carburetor corrections are now pro- 
vided during the initial starting and running periods, and there is little 
need for extreme variation in fuel 


temperature conditic n 


volatility to compensate for climati 

The art of supplying and controlling the heat requirement in cold 
temperatures has been well developed; but, as a result of style trends, 
increasing horsepower and more highly volatile fuels, we are experienc- 
ing some difficulty with our present fuels from vapor lock and _ perco- 
lation under certain temperature and driving conditions. A_ further 
increase in volatility over our present average fuels would likely re- 


lopments and changes in engine design, 


quire new engineering dev 

carburetor design, manifold design, heat application and its controls, 

grills and louvers, as affecting under-the-hood temperatures, as well as 

the fuel-supply system, if the potential advantages are to be obtained. 
With present car design involving automatic features adapted to fuels 

of average volatility, there should be little gain in performance with 


fuels of greater volatility. 
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The design factor, however, could be better 
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adjusted if our present fuels were more uniformly controlled and better 
classified or designated as to their properties, and it is hoped that this 
problem will receive careful consideration, as the volatility characteris- 
tics of our fuels are of major importance to the practical and economical 
design and operation of the automobile. 


Trends in Engine Design as Influenced by Fuel Volatil- 
ity—John M. Campbell, Wheeler G. Lovell, and T. A. 


Boyd, General Motors Corporation, Research Division 


N recent years considerable changes have been made in those aspects 

of car design which are related to fuel volatility. The amount of 
engine displacement per unit weight of car has not changed much, but 
more effective design has achieved an improvement in performance 
without a sacrifice in ton-miles per gallon. 

There has been a distinct trend toward the adoption of automatic 
devices for starting, choking, and mixture heat-control, all of which 
are affected by fuel volatility. Mixture temperatures have been lowered 
considerably during the last five years in keeping with the increasing 
volatility of the current motor fuels. 

These trends make it highly desirable for the automobile manufac- 
turer and the petroleum refiner to work together in fitting engines and 
fuels to each other. It is believed that the establishment of a satis- 
factory volatility index for motor fuels would greatly facilitate progress 
in this direction. 


The Trend of Volatility of Motor Fuels—G. G. Oberfell, 
R. C, Alden and H. M. Trimble, Phillips Petroleum Co. 


Cipher the U. S. Bureau of Mines discontinued its semi-annual surveys 
early in 1931, only limited information has been available on the 
trend of volatility of motor fuels. This paper is presented to add to this 
information and indicate volatility trends to some extent. 

The relationship of vapor pressure and volatility is discussed, since 
considerable confusion still exists as to their relationship. Volatilit 
should be considered as of two phasés, one intensive and the other 
extensive. The intensive factor is measured by the Reid vapor-pressure 
determination, while the extensive factor is measured by the Engler 
distillation. As quoted from the 1934 A.S.T.M. booklet, “The Sig- 
nificance of Tests of Petroleum Products,” ‘tthe Reid vapor-pressure test 
indicates the initial tendency toward vaporization, while the distillation 
test provides a measure of the extent to which vaporization will proceed 
for a given set of conditions.” It should be clearly understood that two 
gasolines can have the same Reid vapor pressure and still have widely 


different Engler distillations. As another study of vapor pressure and 


volatility, a tabulation presents data on a group of butane-free gasolines 
of different extensive volatilities. 

From the data presented, it is stated that the following points seem 
very apparent: (a) The volatility of Mid-Continent motor fuels has 
increased appreciably during the period from 1929 to 1934; (4) th 
increase of volatility has occurred almost in the same degree in each of 
the three grades of motor fuel; and (c) of the four points considered ir 


the paper, namely, Reid vapor pressure, 10, 50 and go-per cent evaporated 


temperature, the 50 and the go-per cent points have shown the greatest 
increase in volatility. 


Discussion 


pa GH classed as discussion, the remarks prepared by G. G. 
OsERFELL, R. C. ALDEN and H. M. Trims ce of the Phillips Petrole- 
um Co. and presented by T. W. Le Gartski of the same company were 
in effect a separate paper dealing with the trend in motor-fuel volatility. 
This discussion outlined a survey made by the company named in the 
mid-continent area where its own products are marketed, and was given 
largely in graphical forms. 

One outstanding factor emphasized was that the departure from the 
average volatility in both directions proved to be surprisingly uniform. 
About the same extremes were observed with respect to all features of 


volatility throughout the six-vear period (1929 to 1934 inclusive) cover- 


ed. These changes are brought about, it was stated, by powerful eco- 
nomic forces within the oil industry over which the refiners have little 
control. The trends are important, however, to the engineers of the 
automotive industry if they are to provide motorists with the most con- 


venient and economical transportation. 


From the data secured the following facts, said the discussers, become 
apparent: (1) The volatility of mid-continent motor fuels has increased 
appreciably during the 1929-1934 period. (2) This increase in volatility 
occurred in almost the same degree in each of the three grades of fuel on 


housebrand, premium and _ third 
grade fuels. (3) Of the four points considered, namely, Reid vapor pres- 


which data were collected, namel\ 


ures at 10, 50 and go per cent evaporated temperature, the 50 and go 
per cent point have shown the greatest increase in volatility. 
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T. B. Renpet also presented an extended discussion in which several 
slides were shown to illustrate the points made. The following points 
are among those brought out: there is a strong tendency to favor product 
specifications which involve only a single figure; antiknock value is a 
case in point, but the tendency of a low-value fuel to detonate cannot 
be said to outweigh such other factors as easy starting, quick warming, 
complete combustion and other performance factors directly influenced 
by volatility. Automobile manufacturers need a single-figure yardstick 
to compare the effect of different designs with gasolines of different 
volatilities. Such an index would require study of factors affecting per- 
formance, such as starting, warming and running after warming. But 
battery capacity at low temperature and cranking speed is of major im- 
portancd in starting. Fuels which give good warming performance rarely 
cause starting difficulty. In work done to measure warming, five cars 
and 36 fuels have been tested by Shell engineers, using a chassis dyna- 
mometer, with provision for running at temperatures as low as —30 deg. 
fahr. As the results were given in graphs which cannot be reproduced 
here, only a few of the observations made can be mentioned. The test 
temperature greatly affects the warming period, but warming perform- 
ance was influenced little by temperatures above zero deg. fahr. The 
more volatile fuels were found to give some advantage in respect to fuel 
consumption during warming but after the car is warmed this advantage 
may be offset and the less volatile fuel may give more miles per gallon. 
Refiners know much about volatility but data in this regard must be 
interpreted in terms of performance to interest the user. 

F. C. Mock expressed regret that so few automotive engineers were 
present to hear reports on a subject so important to the public as well 
as to two of the largest industries in the country. He criticized the use 
of high and narrow radiators which tend to increase under-hood temper- 
atures and the use of small louvers for the same reason. He said he 
fears that conditions may be worse rather than better in 1936 cars, but 
believes that the “‘artists”’ responsible can be “educated” to avoid similar 
faults if the facts are brought home to them. 

G. M. Brown cited experience showing that the best single point for 
comparisons in the fuel volatility curve is the 60 per cent point and 
said that much confusion would be avoided if those dealing with the 
subject would concentrate on this point in comparing results. He added 
that more can be gained today for the same money through increase in 
the volatility of the fuel than through increased octane numbers. 

G. G. Oxserres said it should not be forgotten that volatility and 
vapor pressure are not the same thing. Vapor lock is caused by high 
vapor pressures but volatility has something to do with it, though not 
much. Widely divergent volatility causes trouble with automatic 
chokes. Vapor pressure has little to do with this. 

There are reasons for objecting to gasolines with extremely high vapor 
pressure but none for finding fault with gasoline having extremely low 
vapor pressure and extremely high volatility. 

For several years both vapor pressure and volatility have been increas- 
ing. This trend will continue. The petroleum industry can do nothing 
to prevent the economic changes now taking place, nor can the auto- 
motive engineer change the trends appreciably by car design. Placing 
the blame on each other will not help. To design for today’s gasoline 
and not provide for higher volatility which is bound to come in the 
next few years will cause the car owner to suffer a lot of inconvenience. 

Gasolines will become more volatile because of more cracking and 
more conversion of hydrocarbon gases, having high volatility but low 


vapor pressure. These processes will increase the tendency to ship di- 
rect to filling stations gasoline made exclusively from gases without 
using crude oil. “If the digestive system of cars in use within the next 


few years cannot assimilate cream as well as skimmed milk it is going 
to be the disposition of the car owner that sours and not the cream”, 
said Mr. Operrect. This is no criticism of automotive engineers or 
petroleum technologists. They cannot prevent the trend but should 
shape their affairs to ride along with it. 

H. W. Fievp said that his paper takes the long-range view and refers 
to the cost of a general or complete shift to more volatile fuels rather 
than to immediate and less general circumstances. 

C. W. McK intey said that little had been mentioned concerning the 
practical side of the problems facing the user. Under-hood temper- 
atures run from 175 to 250 deg. fahr. and will waste much fuel 
through evaporation. Under some conditions one third the fuel may 
be lost unless some special provision is made to prevent this loss. 

Another speaker stated that Mr. MacCou.w’s reference to V/L ratio 
needed to be qualified as it is not a problem in seasons when the ratio is 
unfavorable. It is, however, impossible to avoid vapor lock entirely if 
fuels designed to give easy starting in cold weather are used in warm 
weather. Extreme variations in volatility in winter are one cause of 
hard starting. Volatile fuels help to give quick warming in winter, 
but it is impractical to use them the year around. Difficulties from vapor 
lock can be controlled by decreasing the vapor pressure and at the same 
time using a volatile fuel. 

G. G. Brown outlined some recent tests he had conducted on a 1934 


* The report of the Extreme Pressure Lubricant Committee scheduled for 
this session was not presented as the committee was not ready to report. 


Chevrolet in which he said that, by decreasing the inlet temperature 50 
to 60 deg. fahr. and using a volatile fuel, the maximum power had been 
increased 15 per cent and accelerating conditions were much improved. 
Even a ten-degree drop will increase power and improve accelerating 
ability 2 to 3 per cent. The volatile fuels being discussed, he said, are 
no more volatile than some winter grades. The public likes this type 
of fuel and automobile makers will do well to build cars so that it can 
be employed. 

There is a very real improvement that can be brought about in the 
power output and acceleration of the modern motor in addition to ease 
in starting and better throttle response in cold weather by the use of 
fuels of greater volatility. Economic pressure is being brought to market 
the volatile fuels not only because such fuels are valuable but because 
their use results in improved performance in cars now on the road. The 
1934 Chevrolet using standard adjustment showed a marked improve- 
ment in cold weather when we used a more volatile fuel. 

There is some tendency to build cars to take advantage of this higher 
volatility but as usual there are manufacturers who seem to be lagging 
behind and do not appreciate this present trend toward more volatile 
fuels nor do they seem to appreciate the advantages of building cars 
that will take advantage of the more volatile fuels. The use of fuels 
of high vapor pressure and also high volatility is very practical not only 
to the refiner but also to the car users and to the car manufacturers. It 
enables them to get more out of an engine with the same displacement. 

Vapor lock, Mr. Brown continued, is a separate question. Increased 
vapor pressure results in a higher octane rating because the volatile frac- 
tion has a high octane number itself. It is possible to secure low vapor 
pressure and still have high volatility. The volatile fuel gives better 
distribution but the mileage difference is not important. 

GiLBert Way in discussing the first paper (Eisinger & Barnard) said 
that the curves given substantiate the belief that extremes in “front-end” 
volatility are not necessary for improved warming. With fuels of in- 
creased total volatility satisfactory starting is obtained with automatic 
choke calibrated for conventional fuels of the winter type, but the same 
calibration may cause some difficulty with fuels of extreme “front-end” 
volatility. The latter fuels give unstable idle and stalling during warm- 
ing. Engines are designed to give satisfactory operation over a wide 
range of conditions and it is difficult to design a manifold to meet ex- 
tremes of temperature. It is not practical to effect a major service oper- 
ation on manifolds in Spring and Fall. We find, he said, that with a 
fuel of extreme front-end volatility economy is better directly after start- 
ing but decreases thereafter and may then be less than with other fuels. 
Thus the type of operation affects the economy. 

As to the remarks of Messrs. Fre_p and Fowe about trends toward 
higher volatility, the divergent views referred to leave the automotive 
designer in a quandary. He is urged on the one hand to design for 
higher volatilities but is told, on the other, that lighter fuels are economi- 
cally unsound in the long run and may not continue in production. 

Mr. Way said he questioned the wisdom of most of the recom- 
mendations in the MacCou.t paper for many of them appear to have 
been exploited to their full extent already and others call for undesir- 
able departures from conventional design. Mr. MacCouty’s remarks 
about the effect of “art’’ on performance is appreciated but it should be 
remembered that cars sell to a considerable extent on appearance. Fue! 
systems do attain too high a temperature but so do body compartments. 
Designers are up against physical limitations, including under-hood tem- 
peratures of 200 deg. fahr. or higher and the radiant heat of exhaust 
pipes which reach 1000 deg. fahr. We think, he added, that there is 
an overestimation of the volatility required for starting, especially in 
temperatures at which vapor lock occurs. Our tests show that with 
Summer gasolines having 10 per cent points between 150 and 160 satis- 
factory starting can be obtained at o deg. fahr. with engines in good 
condition. 

Higher volatility above the 50 per cent point does not cause the dif- 
ficulty met with in extreme front end volatility. Below a definite crank- 
ing speed starting becomes erratic regardless of fuel volatility, and in 
such cases increased volatility would be of doubtful value. 

Dr. H. C. Dickinson outlined certain past conditions in which fuels 
were not volatile enough and showed how new refining and other con- 
ditions have led to increased volatility and even to vapor lock. Refiners, 
however, must sell fuels good for both old and new cars. Cut and try 
methods result until competition brings a solution. If the C.F.R. func- 
tioned as intended and engineers were brought to know and understand 
the situation a better solution might well be found. ‘“‘We need more co- 
operation between the two industries to solve this problem which most 
certainly is presenting difficulties”, Dr. Dickinson concluded. 

W1Li1AM MeEnopius said that many complaints result from the wide 
variations in volatility now encountered. There is need for narrowing 
this wide range of volatility and also for striving to limit the rise above 
atmospheric temperatures which brings about difficulties. 

R. C. ALpEN raised the question as to whether the so-called ‘“tempo- 
rary” oversupply of volatile fuels is indeed temporary. There is no over- 
supply of natural gasoline in winter though there is in summer, but the 
factors controlling this are not temporary. The problem is to take ad- 
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vantage of the volatility already available, by designing a system to util- 
ize the fuel we have. Mr. MacCoutw’s “cure” for vapor lock, he added, 
is really to waste gasoline. It involves a big loss, from 10 to 20 per 
cent, with which the motorist should not be burdened. 

Mr. MacCou.t in answer to some of Mr. Brown’s remarks said that 
the 60-per cent point is a good one to consider for comparative purposes, 
but the 50-per cent point is near enough to be satisfactory. Fuels have 
to be satisfactory to start even the worst car, hence it is well to keep 
close watch of the 10-per cent point. Fuels that are too volatile increase 
the fire hazard. Seasonal variations in fuel are not easy to meet, espe- 
cially as there are warm periods in winter and cold ones in summer. 
Territories also vary and shipping requirements add further complications. 
This author also pointed out that the temperature table given in his pa- 
per shows that the temperatures at some points in the fuel system run 
from 30 to 60 deg. fahr. hotter in some cars than in others. Difficulties 
would be decreased if all would use equal care to minimize fuel system 
temperatures. Much might be gained by larger louver openings, espe 
cially at the top of the hood. 

J. R. MacGrecor said that the driver judges fuel roughly by a few tac- 
tors such as detonation and vapor lock, when they occur, and ease of 
warming. It is a question whether he can detect differences in volatil 
ity. 

Possible improvements in performance will probably be dependent 
upon taking full advantages of the manifold that we have at the present. 
As long as there is a wide divergence in gasolines the motor manufac- 
turer is naturally somewhat reticent in bringing the temperature down. 
At present if we take full advantage of what we have we will be better 
off as far as the vapor problem is concerned. It has been suggested 
several times that the “art” department has been in some respect re 
sponsible for some of the trouble we are in. It seems not entirely im 
possible that the ‘art’ department might figure some way of getting cool 
air around the fuel system and educating the public to enjoy a car that 
would involve those features just as the public has been led to enjoy 
some of the cars we have at present and which are distinctly different 
from what we have had a few years ago. 

1D. P. Barnarp, who acted as chairman during part of the Friday 
session, said that Dr. Brown in discussing their paper pointed out that 
the data correlated just as well in terms of 60 per cent point as in terms 
of the rather awkward 158 per cent and go per cent points. Mr. Mac 
CouLL mentioned that the 50 per cent point seems to serve just as well 
as a means of comparing the relation between volatility and engine per- 
formance. Mr. Barnarp said they had been through that mill with all 
of their data and found that a single point about midway is probably 
just as good for certain comparisons. If, however, the midpoint de- 
scribed is used it is absolutely necessary to keep in mind some other 
specifications, something around the initial part of the curve and some 
other point descriptive of the end point to picture just what kind of fuel 
it is. They used the amounts of 158 and go per cent as a matter of con- 
venience around the laboratory. Mr. Way has pointed out that, with 
the automatic choke, gasolines of low volatility should start satisfactorily 
in the summer, but Mr. BARNARD expressed doubt whether the men who 
make the automatic choke realized that, in its present form, it would 
not work so well in some seasons. 

It had been mentioned, said Mr. Barnarp, that the overall spread be- 
tween the temperatures of some particular fixed point on the distillation 
curve is not greater now than it was six or eight years ago. The spread 
is just the same. We find, however, a very great difference in the over- 
all range of fuels evaporated today as compared with the fuels of a few 
years ago. This reverts to the difficulty Mr. JorGENsEN pointed out in 
his paper. 

Several of his friends in the petroleum industry, continued Mr. Barn 
ARD, have indicated that, with an expenditure of 5 or 6 cents per car, the 
whole vapor lock problem could be eliminated since all fuels would be 
kept cool as they should be. Anybody who thinks that for 6 cents the 
vapor lock problem could be eliminated should be asked to try it! It is 
not easy to secure the desired lower temperatures on some cars but in 
other cases the fuel pump and some other parts might be placed where 
they would remain cooler. Improvement in this respect might be secured 
in some cases by putting the engine in the rear of the car 


Mr. Brown again emphasized that the trend seems to be toward the 


more volatile fuels. The economics of the situation is closely 


indicative 
that the trend will continue. To produce 


a higher antiknock gasoline, 
one recourse of the refiner is to make a more volatile gasoline 


is now a commercially satisfactory method of converting the 


There 
1 gases pro- 
duced in the cracking operation into high-volatile gasoline of high octane 
number so that some of the losses borne in producing high antiknock by 


» val » " } 
cracking will be reduced. Taking these facts into consideration, particu- 


larly in the face of the trend clearly indicated by the papers, both in re- 
gard to the properties of the motor fuel and in regard to its manifold 


temperature, it is clear that the trend will be toward the more volatile 


fuels for economic reasons and for the reason the public preters that type 


of fuel and that better performance can be obtained. Mr. Brown ex- 


; 
pressed the belief that if the volatility of the motor fuel were to remain 


to! { 


stable for three or four years the automotive 
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engineer would begin to re 


quest more volatile fuels. During the past five or six years volatility of 
the fuels has been increasing and the cars on the road have had to use 
a more volatile fuel. The automotive engineer has hesitated to make a 
sudden change in production because he realizes that the cars he has put 
out during the last four or five years are still on the road. A sudden 
change in favor of higher volatility would be dangerous, hence he has 
desisted. But the trend is going to continue at least for some years and 
this point should be brought home to the automobile manufacturers. 
HERBERT Cuase said that the passenger car makers would undoubt- 
edly listen to suggestions for eliminating vapor lock difficulties as they 
had a few years ago when such difficulties first became a problem if prac- 
tical remedies were suggested. He added that one way to improve con- 
ditions might be to isolate parts of the fuel system which tend to over- 
heat and keep them away from the stream of hot air and from exhaust 
radiation under the hood, possibly using some heat insulating materials. 
Mr. Way said that making changes to cool the fuel system are not so 
simple as they might appear. For instance, it might be very desirable to 
get the fuel pump out from under the hood and put it under the tank 





or on the running board, but this would involve a pressure system. An 
electric fuel pump might be placed in some position remote from the 
engine but if a bad accident occurs and the fuel line is broken while the 
pump continues to run a serious fire hazard is created. Mr. Way added 


] 1 


r 

that a light-gage exhaust pipe has advantages in that it stores less heat 

to cause trouble when the engine is shut off. Dr. Dickrnson said that 

exhaust pressure has been used with success to feed fuel on some foreign 
ars and has the adv intage that it ceases to feed fuel 

| 


stopped 


when the engine 1s 


C. W. McKintey said that his company had done a 


great deal ot a 
1 


perimental work on means of avoiding vapor lock. In some cases there 


is a rise of only 2 deg. fahr. in the fuel at the pump outlet, which 1s 


considered 


and in others it is 10 deg., which is poor. After stop- 
ping at the conclusion of a hard run a 20-deg. rise sometimes occurs. 


Insulation against heat is not effective unless 3/4 in. or more is used. 


; “ei - ; 
A metal shield half way between the pump and the exhaust pipe is help- 


ful and better than heat insulating material. It tends to reduce heat 


radiation. Vertical ventilation is most helpful in some cases and can be 
made to give 1 2 d gy. temperature drop under the hood in ome n 
stance Fins on the fuel pump do not help much as heat is conducted 
apidly from the engine. It is helpful to run fuel lines outside the frame, 
as is done on many cars. It would be helpful if fuel tanks as well as 
fuel lines could be kept in a stream of air that is not heated by passage 
through the radiator and engine compartment. 

O. C. BripGEMAN said that Mr. Lovett referred to two methods in 
which vapor lock can be avoided but did not go further to point out the 


disadvantages of the vapor handling capacity method. A difference in 
fuel line temperature may mean a difference in economy of about 10 


S.A.E. Serew Thread Standards 


Available in Handy Form 


The Standards Department of the Society 
announces publication of screw thread, screw, 
nut and bolt standards in pamphlet form; this 
being a reprint from the 1935 edition of the 
S.A.E. HANpBook. About 80 pages of rele- 
vant data are included. 


Orders for the reprints should be addressed 
to the Standards Department, inclosing remit- 
tance. 


Price to members is $.75 per copy; to non- 


members $1.50. Prices for quantities on 


application. 
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(Continued from page 32) 


and productive of its kind recently held. The three papers 
presented virtually formed a complete symposium on the 
factors affecting air cooling of aircraft engines, what has been 
done recently to improve cooling, etc. 

A lively discussion took place. Particularly interesting 
were the data presented by J. M. Shoemaker of Chance 
Vought Corp. in the paper on which he collaborated with 
T. B. Rhines, United Aircraft Corp., and H. H. Sargent, Jr., 
of Pratt and Whitney Aircraft Co. 

Some of these data, as Donald H. Wood, National Ad- 
visory Committee for Aeronautics, pointed out, clearly indi- 
cated that the introduction and use of the general N.A.C.A. 
type of cowling have brought problems which require a new 
study of propeller design, changes in propeller blade shapes, 
etc. 

Mr. Shoemaker showed that the use of flaps ranging from 
20 to 30 deg. at the rear of N.A.C.A. cowls were most satis- 
factory considering both engine cooling and drag of the 
nacelle. 

Mr. Wood also collaborated with Carlton Kemper of the 
N.A.C.A. on a paper presented by the latter at this session, 
dealing with more recent investigations of the cowling and 
cooling of radial air-cooled engines. The third of this interest- 
ing group of papers evaluated variables influencing air cool- 
ing of engines, and was presented by Kenneth Campbell of 
Wright Aeronautical Corp. (See p. 48 for detailed summary 
of discussion.) 


Aircraft Diesel Types Debated 


Spirited discussion on the relative merits of four-cycle ver 
sus two-cycle Diesel aircraft engines was one of the numerous 
highlights of the Monday afternoon aircraft-engine session. 

P. B. Taylor acted as chairman. Two papers were pre- 
sented. The first, by H. E. Merriman, Fiat technical repre- 
sentative in America, was a description of the new Fiat high 
altitude aviation engine test plant in Italy. Complete details 
were given of the test installations, preliminary information 
on which was revealed at the 1935 Annual Meeting. 

The second paper, “Comparison of Spark and Compres- 
sion Ignition Engines for Aircraft Engines”, by K. A. 
Browne, Wright Aeronautical Corp., set up specifications for 
a theoretical Diesel engine which would meet current day 
aviation needs. 

Included in the discussion was a speculation as to whether 
in the future either gasoline or oil would be used as fuel 
for aircraft engines. C. F. Lienesch of Union Oil Co. of 
Calif., suggested the use of liquefied hydrogen as a_possi- 
bility, pointing out that hydrogen had three times the B.t.u. 
content per pound of gasoline, and in liquefied form would 
require but two-thirds the volume of tankage as gasoline. 

Liquefied butane and Propane were also suggested as pos- 
sible fuels for compression ignition engines, to overcome the 
carburetting problem with Diesel engine oils. (See p. 49 for 
detailed summary of discussion.) 


“Flying the Lindbergh Trail” 


An audience which filled the auditorium enjoyed the brief 
talk by J. A. Thomas of Pan-American Airways and the 
two films showing service on these lines which were pre- 
sented at the Monday evening aircraft session. C. H. Chat- 
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Martha Norelius, Olympic swimming champion, 

makes a sensational entrance at the Water Car- 

nival where she delighted the crowd with an ex- 
hibition of swimming and diving 
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Three veteran members of the Society. 
Victor W. Kliesrath; F. E. Moskovics; F. Sergardi 


Left to right: 


held presided and, in introducing the speaker, paid a high 
compliment to the service provided by Mr. Thomas’s com 
pany. Mr. Thomas outlined briefly certain Pan-American 
accomplishments prior to presentation of the films. 

In the recently established service over the Andes, he ex 
plained, the planes have to climb to an altitude of 18,000 ft. 
The planes carry oxygen tanks for the benefit of passengers 
who may care to use them, but they seldom are employed. 
It was explained that the surface trains which follow a simi 
lar route can be operated only about three months a year and 
then require from three to ten days to make the trip because 
of the snow and the landslides which are frequently encoun- 
tered. Planes on most of the Pan-American routes are today 
carrying a full pay load in nearly all cases. The fast mail 
service between North and South American ports has saved 
large sums for some corporations. One mentioned effected a 
saving of some $6000 a month on cable service alone. 

One of the films presented showed views taken in South 
American, Central American and West Indies ports served 
by Pan-American, and included a section called “Flying the 
Lindbergh Trail’, relating in part to the trans-Andean route. 
The second film, “Flying the Pacific’, showed one of the 
latest planes of the company on portions of its recent flight 
to Hawaii and points east. 


Diesel Developments Stressed 


“Diesel Power for Transportation” was the subject pre 
sented by O. D. Treiber, Hercules Motors Corp., at the bus, 
truck and railcar session Tuesday morning, but it was pre 
ceded by a motion picture showing truck operations at 
3oulder Dam, furnished by the International Harvester Co. 


L. R. Buckendale presided. The paper dealt largely with 


The 


the Diesel engines produced by the author’s company. 
lively discussion which followed dealt with the general sub 
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ject of Diesel engines and their application in transportation, 
There was also considerable discussion of Diesel fuels and 
of the possible economic effects of fuel taxes on the cost of 
such fuels. 

Perhaps the most valuable part of the discussion came in 
the response of the author to questions of Charles Guernsey 
who asked about performance of the engines described in 
the field, including difficulties encountered. Mr. Treiber was 
quite frank in his replies, as well as in admitting that the 
Diesel engine is still in the development stage and may give 
more trouble in service and possibly prove more expensive 
to maintain than conventional gasoline types. (See p. 49 
for detailed summary of discussion.) 


Flying Boats 


A technical history of recent flying boat developments, with 
special reference to the Sikorsky S-42 “Clipper”, and an in- 
formal talk accompanying slides and motion pictures cover- 
ing development and test work in the N.A.C.A. tank, were 
the topics at the aircraft session Tuesday morning. 

Peter Altman was chairman. The first paper was by 
Igor I. Sikorsky, Sikorsky Aircraft Corp., but was presented 
by C. H. Chatfield. Starr Truscott, of the National Advisory 
Committee for Aeronautics, discussed the second subject. 

An interesting fact brought out by Mr. Sikorsky, and sub- 
stantiated by Mr. Truscott was the important reduction in 
drag resistance obtainable on flying boat hulls, etc., through 
the use of flush type rivets. Mr. Truscott said that data indi- 
cated a 17 per cent higher resistance for full head rivets as 
against the flush type, and recommended the latter for seri 
ous consideration in all future hull construction. 

Difficulties of supercharging engines of large transports for 
high altitude flying were emphasized as the result of dis- 
cussion which brought out that the Sikorsky Clipper, for 
instance, had some 100 controls leading from the pilot’s com- 
partment, ol which the openings would have to be sealed. 

Mr. Sikorsky incidentally predicted flying boats of some 
100,000 lb. in the immediate future and in a decade or so 
flying boats of several hundred tons. (See p. 50 for detailed 
summary of discussion.) 


Engine Knock and Connecting Rods 


Two excellent pieces of research work were uncovered in 
the passenger car session Tuesday evening. Discussion was 
limited both by the time available and by the seeming difh 
culty of interpreting the results, especially in the paper on 
engine knock, without becoming more familiar with the 
methods employed. Neil MacCoull presented the latter 
paper, of which he and G. T. Stanton are joint authors, and 
it accounted for nearly all the discussion, as there was only 
one question and answer in the discussion of the other paper 
by W. R. Griswold on stresses in connecting rods and bear 


ings. Mr. Griswold outlined a series of 


tests on rod bear 
ing life, made partly by photometric methods, and in which 
the shearing stresses which appear to cause rod _ bearing 
failures were measured. 

Pee It was pointed out in discus- 
sion of the engine knock paper, that the new method of test 
described puts a fresh tool in the hands of engine designers 
and should assist them in better design of combustion cham- 
bers. It was predicted also that this method would aid fuel 
producers in making fuels better suited for engine use. 

A motion picture in color taken by J. F. Winchester at 
the recent informal “proving ground” tests of various makes 


Kalb was chairman. 
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tion. of cars during a Metropolitan Section gathering was shown Discussing, automatic transmissions, the engineers grouped 
and and enjoyed at the conclusion of the session. (See p. 51 for themselves into two classes, one of which believes in the 
st of detailed summary of discussion.) entire elimination of manual control, and the other in reten- 
wm coe i eae tion of manual control which supersedes the automatic 
ein fransmissions and+ Springing mechanism when employed. Mr. Sneed belongs to the first 
Nsey Automatic transmissions and car riding qualities were the group, and the paper dealt largely with a transmission of 
d in two topics at the passenger car session Tuesday morning. this type which he has developed. 
was With Clyde R. Paton in the chair, the two topics were intro- As Chairman Paton said, at the close of the meeting, the 
the duced respectively by John Sneed, consulting engineer, determination of car design factors influencing riding quali 
give Detroit, and W. S. James, research engineer, Studebaker ties is becoming ever more important and will have to be 
nsive Corp. tackled from an analytical basis. The difficulties inherent 
D. 49 
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lisc Opportunity for members and guests of the Society attending the 30th Anniversary Summer Meeting at White Sulphur to 
ISCUS- inspect and drive new car models was provided through the courtesy of seven manufacturers, who sent a total of 11 cars 
of test to the Meeting. The makes represented were: Ford (3 cars), Hudson and Terraplane (3 cars), Auburn (supercharged 


igners model), Cummins Diesel enffme (in Auburn chassis), Nash, Scarab (Stout Engineering Laboratories), and Chrysler (Air- 
“ stream). 
cham- 


] Interest in the Transportation Revue was evidenced by the fact that the average number of persons driving each car was 
d Tue well above a hundred, with an estimated total mileage of 10,000 being accumulated in the operations. This was the second 


Transportation Revue arranged by the Society with the cooperation of manufacturers. The first was a popular feature of 
ter at the Saranac Inn meeting in 1934. 


Cc. 


makes At this year’s Revue the cars were so often in demand that the photographer could not include them all in the pictures 
above. 
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in such work commercially, today, were brought out rather 
clearly by Mr. James who pointed out the present existing 
limitations as to general car design, arrangement of units and 
distribution of masses, etc., aside from the technical difh- 
culties in developing a proper system of analysis. (See p. 52 
for detailed summary of discussion.) 


Diesel Research Explained 

Prot. L. C. Lichty was chairman of the Wednesday morn- 
ing session devoted to Diesel engines. Prof. K. J. De Juhasz 
presented an analysis, both mathematical and graphical, of 
the action of fuel in injection piping, including the effects 
of inertia and surging which involve difficult problems. 
Although this paper received commendation, its mathematical 
nature was such as to make one of the discussers ask whether 
it would not be simpler and quicker to employ experimental 
methods rather than go through the involved calculations 
needed for a mathematical solution of the problems involved. 
F. C. Mock presented a written discussion and one prepared 
by A. M. Rothrock was read by Carlton Kemper. 

There was rather more discussion, however, of the paper 
by Ernest Whitney which was a report on tests made by the 
National Advisory Committee for Aeronautics on a_ high- 


The Champion and His Nearest Rival 





Charles Eustace Dwyer (left) 
ship with a low medal of 159 for 36 holes. 
Brown (right) was runner-up with 162 


won the golf champion- 
Sandford 
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Leading Participants in the Swimming Carnival 





speed compression-ignition engine with three different types 


of combustion chambers. This research work was highly 
commended by various speakers and is regarded as highly- 


informative. (See p. 53 for detailed summary of discussion.) 


Two papers were read at the tractor and Diesel session to 
one of the largest crowds of the meeting. C. 
was chairman. C. 


L. Cummins 
D. Wiman, Deere & Co., talking on 
“Agriculture and Automotive Development” stated that mis- 
leading propaganda was being spread, charging unemploy- 
ment and other evils to the substitution of the machine for 
man and animal power. 

“Diesels on Canadian Roads” by H. L. Wittek, was the 
second paper. It covered considerable operating experience 
with Diesel motored trucks and buses, mostly conversions. 
Discussion developed many questions as to proper fuels and 
also as to life of the various engine parts. Mr. Wittek an- 
swered all questions with data collected during the Canadian 
operations. 

Chairman Cummins supplemented Mr. Wittek’s remarks 
with some of his own Diesel installation and operating ex- 
periences. (See p. 54 for detailed summary of discussion.) 


Design Trends Debated 

Informality reigned at Thursday morning’s passenger-car 
session under the able chairmanship of Walter C. Keys. Dis- 
cussion, which finally had to be terminated due to lateness of 
the hour, was therefore doubly productive and ranged from 
highly detailed questions on manufacturing problems to such 
general considerations as to whether the present day type 
of automobile has outlived its usefulness. 

What the meeting might have lacked in number attending 

some 100 members and guests were present—it certainly 
made up in quality, with several S.A.E. Past Presidents par- 
ticipating actively in the discussion. 

Only one formal paper was presented, “The Properties of 
Cellular Rubber for Passenger-Car Cushions” by H. E. Elden, 
technical manager, Dunlop Tire and Rubber Corp. The 
second part of the program was led off by a spontaneous dis- 
cussion of modern car design trends handled by S.A.E. 
President William B. Stout in his usual interesting manner. 

An interesting part of the discussion dealt with the rela- 
tion of location of the driver in a vehicle to accident preven- 
tion. In this respect J. A. Anglada brought out the fact that 
in New York City the Madison Avenue buses, with faster 
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Golfers Enjoyed Themselves Throughout the Meeting 


1. J. Edward Schipper, C. H. Keel, 
Macy Teetor, John R. Cautley 


4. J. H. Bolles, C. V. Williams, C. 
Kindl, Ed. Rossman 


7. John Warren Watson, R. E. 


Carlson, Robert Daisley 


2. George Kuhlman, Ed Terrill, 
George Heil, H. W. Kizer, Leo 
Huff (standing behind) 


5. W. L. Shaffner, J. R. Little, F. K. 
Glynn, H. O. Mathews 


8. Walter E. Rockwell, E. Simi, 
George Moore, Rod Reed 





3. R. F. Steeneck, Charles O. 
Guernsey, J. P. Stewart, D. D 
Robertson 


6. K. D. Smith, S. M. Cadwell, 


W. C. Bray, L. I. Gibbons 


9. C. H. Jorgensen, R. M. Critch- 


field, C. F. Oestermeyer, M. J. 


Brennan 
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schedules, less experienced drivers, and worse traffic condi- 
tions are showing better accident records than the 5th Ave. 
buses. This he attributed to the location of the driver, well 
forward in the bus, and the better visibility resulting. 

In his talk Mr. Stout said that a prominent engineer, an 
S. A. E. member, is at present laying out a transatlantic 
liner which, while smaller than those used at present, due to 
lighter weight, will be able to travel at 60 m.p.h. with a 
passenger list equal to that of the Normandie. (See p. 55 for 
detailed summary of discussion.) 

Five well-handled papers marked a very fine session on 
fuel volatility Thursday morning, under the able guidance 
of H. F. Huf as chairman. It appeared from both the dis- 
cussion and the papers themselves that more volatile fuels 
are coming and are likely to yield certain advantages. If 
the trend is general some problems will be involved and 
higher cost to the refiners with a corresponding increase in 
fuel price appears to be indicated. 

F. C. Mock called attention to the higher underhood 


Eastman Proposes 
Organizations 


RAWING in broad but graphic outline the desirable 

functions of a centralized research organization for the 
railroad industry of the United States, and in the develop- 
ment of his idea citing many implied parallels with the estab- 
lished practice of our own industry, Joseph B. Eastman, 
Federal Coordinator of Transportation, “came in search of 
information” as speaker at a general session of the Summer 
Meeting, Thursday evening, June 20. 

With “Mechanical Progress in Transportation” as his sub- 
ject, Mr. Eastman posited at the outset of his address that 
progress in one line of transportation activity reacts upon 
others; in particular that “discoveries in aeronautics 
and the new ideas which have gone into the motive power 
and equipment employed in highway service have had a 
direct and most stimulating effect upon improvements in rail- 
road operation and service.” This effect, he believes, will 
become more important as time goes on. 

From the beginning of his incumbency as Federal Co- 
ordinator, Mr. Eastman said, his office has been besieged by 
inventions claimed to solve almost every one of the complex 
mechanical problems incident to more economical operation 
of American railroads. Examination and evaluation of such 
inventions and new devices offered could well be one of the 
functions of the proposed Department of Planning and Re- 
search of the Association of American Railroads, which as 
yet, it was made clear, exists only on paper. 

Other jobs such a department could do were listed by Mr. 
Eastman as establishing equipment standards and simplified 
practice recommendations; research and experiment of a 
pioneering character; forecasting of the equipment needs of 
railroads both with respect to traffic and design; and the 
eventual setting up of a proving ground in which certain 
types of equipment might be tested. 

There is a great need of a railroad-sponsored institution 
to perform these functions, Mr. Eastman said, adding that 
he believed creation of a centralized agency to perform them 
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and 


this 


temperatures in found fault with 


“artist designers’ who appear to care more for appearance 


years cars 


than for the effect of such items as high narrow radiators 
and small louvre openings which have a tendency to raise 
underhood temperature and to give trouble from vapor 
lock. The latter may be aggravated further with more 
volatile fuels of certain kinds, the discussion indicated. 

Some speakers stated that more may be obtained per dol- 
lar in the way of improved car performance by changes to- 
ward increased volatility in fuel than can be had by increases 
in octane number. Much appears to depend, however, upon 
the ability of cars to use more volatile fuels with satisfaction. 
At least one speaker predicted that temperatures will be 
higher in 1936 cars than at present because of still further 
trends toward narrower radiators. 

Because of the large number of papers presented, the dis- 
cussion time was limited and the discussion was completed 
at the Friday morning session. (See p. 57 for detailed sum 
mary of discussion.) 


Central Research 
for Railroads 


would not necessarily stifle efforts of individual railroads 
along the same lines. 

Referring to a series of reports on various phases of the 
railroad problem, some of which have already been com- 
pleted by his staff, Mr. Eastman said that a forthcoming 
report would deal specifically with traffic needs and what 
mechanical improvements in equipment might contribute to 
meeting them. Data already collected, he said, pointed to 
four directions in which engineering effort might be ex- 
pended with profit. These were: 

1. Development of a satisfactory unit-powered passenger 
car, which could also be operated in train consists made up 
of multiple units. 

2. Design of a freight-car, unit-powered, and capable of 
forming part of small trains for economical operation. 

3. Development of container units for freight which would 
be interchangeable between carrier vehicles on highways, 
rails, and water. 

4. Reduction in weight of both passenger and freight-carry- 
ing equipment of the railroads. 

Pointing out that the greatest amount of effort along these 
lines has been expended on the development of railcars and 
motor trains, he said that in his opinion, all the criteria for 
a successful design of this type of equipment have not been 
met. 

To fit in with the excellent record for safety and reliability 
established by American railroads over a long period of 
years, Mr. Eastman believes that a unit-powered railcar must 
meet the following conditions for passenger service: it must 
have a satisfactory form of automatic transmission, either 
hydraulic or mechanical; it must have a form of remote con- 
trol which meets conditions already laid down for operation 
of trains; it must be economical and easy to maintain, and 
must be free of noises or fumes which might be objectionable 
to passengers. 

Motor-vehicle 


manufacturers, he demonstrated, have de- 
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r 


Joseph B. East- 
man, Federal Co- 
ordinator of 
Transportation, 
arrived by air to 
keep his date 
with the S.A.E. at 
the Thursday eve- 
ning general ses- 
sion. Speaking in 
Pittsburgh early 
Thursday after- 
noon, Mr. East- 
man boarded a 
chartered plane 
at the conclusion 
of that address, 
and was flown di- 
rect to the airport 
at White Sulphur 
Springs. The 
photograph was 
taken a minute or 
two after his ar- 
rival. 


veloped passenger coaches which meet many of the above 
points in a satisfactory manner, at a cost which is far less 
per vehicle than any railcar yet developed. Development of 
a satisfactory rail vehicle should be in the class for carrying 
50 or more passengers, he continued. Routes whose require- 
ments are for vehicles carrying less than 50 passengers will 
continue to be served by highway transportation, or turned 
over to them, he believes. 

In the search for a rail vehicle of optimum nature, almost 
every type of prime mover has been offered to meet the 
power requirements. One suggestion of fruitful possibility 
has been experimenting with booster engines similar to those 
used on present steam locomotives which, he said, are them- 
selves becoming the object of more engineering attention 
with the new emphasis on economy and efficiency of oper- 
ation. 

The fundamental impetus to railroad-equipment develop- 
ment has been given by development of competition between 
the various forms of transportation, Mr. Eastman said. It is 
to be expected, he admitted, that forms of transportation 
other than railroad will continue their technical progress, and 
possibly at the present rate, which may continue to place 
them ahead of the railroads in rate of growth. Automotive 
engineers should have no difficulty in finding jobs to be 
done, he concluded. 

In a modest peroration, Mr. Eastman expressed the hope 
that his remarks would be followed “by a discussion of this 
assembly of real experts” which would “add to his educa- 
tion”. 

President Stout, who introduced Mr. Eastman, began the 
discussion by quoting some figures on the cost of operation 
ot the Stout Railplane, which is in daily service on the 
Mobile & Gulf Railroad. Cost of operation averages about 
20 cents a mile, he said, which figure would close the gap 
somewhat between the cost figures for the operation of high- 
way coaches and heavy rail equipment. 

Past Presidents J. H. Hunt, A. J. Scaife, and B. B. Bach- 
man were called upon by A. L. Beall, chairman of the Meet- 


ings Committee, who presided at the session. Each of these 
speakers commended the tone of Mr. Eastman’s remarks, 
and expressed the belief that a Department of Planning and 
Research such as outlined by Mr. Eastman, could function 
successfully without stifling the initiative of individual rail- 
roads. Mr. Hunt, in particular, believed that such a central 
organization would act as an incentive, with each railroad 
trying to outdo the efforts of the central bureau. 

The meeting was attended by almost all the members and 


guests of the Society remaining for the last day of the 
sessions. 


S.A.E. Gets Birthday Congratulations 


Scores of congratulatory messages received from past-presidents of the 
society, leaders in the automotive industry and section officers were read 
by Secretary Warner at the thirtieth birthday party. The messages, most 
of them telegraphed, were unanimous in praising the Society for its 
thirty years of accomplishment and in many individual instances ex- 
pressed affectionate regard for the society’s officers and members. Sec- 
tion officers promised their cooperation for “the next thirty years of prog- 
ress”. Messages received were signed by the following: 


Past-Presidents 


H. L. Hornina, president, Waukesha Motor Co. 

Henry M. Crane, technical assistant to president, General Motors Corp. 

J. H. Hunt, director, New Devices Section, General Motors Corp. 

Howarp Marmon, Pineola, N. C. 

W. R. SrricKLanp, Detroit, Mich. 

C. F. KetrerinG, vice-president, Charge of Research, General Motors 
Corp. 

Grorce W. DunHaM, consulting engineer, New York. 

VincENT BeEnopix, president, Bendix Aviation Corp. 

Howarp E. Corrin, chairman of board, Southeastern Cottons, Inc. 


Leaders of the Industry 


Water P. Curysier, chairman of board, president, Chrysler Corp. 

ALFRED P. SLoan, president, General Motors Corp. 

K. T. Kever, president, Dodge Bros. Corp., vice-president, Chrysler 
Corp. 

Paut G. HorrMan, president, Studebaker Sales Corp. of America. 

Fow.Ler McCormick, International Harvester Co. of America. 

Tuomas A. Morcan, president, Aeronautical Chamber of Commerce of 
America, Inc. 

Paut W. SEILER, president, general manager, General Motors Truck 
Corp. 

JosepH B. GraHaM, Graham-Paige Motors Corp. 

C. L. McCuen, president, general manager, Olds Motor Works. 

W. L. Bart, president, S K F Industries, Inc. 

C. V. REILLEyY. 

W. E. Boerne, Boeing Airplane Co. 

D. L. Brown, president, Pratt & Whitney Aircraft Co. 

Roy D. Cuapin, Hudson Motor Car Co. 

AtvaAn Macautety, president, Automobile Manufacturers Association, 

E. E. Wyman. 

G. W. Vaucuan, president, general manager, Curtiss-Wright Corp. 

ALFRED REEVEs, vice-president, Automobile Manufacturers Association. 

GLENN L. Martin, president, The Glenn L. Martin Co. 

Byron C. Foy, vice-president, Chrysler Corp., president, De Soto Motor 
Corp. 

Frep M. Zeper, vice-president, charge of engineering, Chrysler Corp. 

Roy H. FAuLKNER, president, Auburn Automobile Co. 


Section Officers 


R. N. Reinwarp, chairman, Southern California. 
J. Verne Savace, chairman, Oregon. 

A. T. CoLweE.Li, chairman, Cleveland. 

E. V. Scuaa, chairman, Buffalo. 

W. R. BRASHEAR, vice-chairman, St. Louis. 
J. F. Lone, chairman, Northern California. 
N. P. Perersen, chairman, Canadian. 

K. H. GLanton, chairman, Dayton, 

PererR ALTMAN, chairman, Detroit. 

Grorce P. Dorris, chairman, St. Louis. 
Indiana Section. 

Milwaukee Section. 

B. H. Benson, secretary, Washington. 

1. F. Wincuester, chairman, Metropolitan. 
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The Field Day Was More Popular Than Ever 








S.A.E. Summer Meeting, The Greenbrier, 
White Sulphur Springs, W. Va. 
June 16-21, 1935 
GOLF 
MEN’S TOURNAMENT 
Championship Flight 


Ist C. E. Dwyer 159 
2nd Sandford Brown 162 
Flight A 
Ist L. B. Green 136 
2nd J. A. Robinson 138 
Flight B 
Ist G. W. Kuhlman 138 
2nd W. C. Tamplin 140 
Flight C 
Ist F. C. Horner 14] 
2nd G. A. Round 150 
Ladies’ Championship 
Ist Prize Mrs. J. B. Funk 96 
Sweepstakes—Men 
Sunday F. E. Whitesell 


J. H. Bells | ~.. 
C. ©. Romer Net 74 
W. B. Hoey | 


Monday R. W. Keeley Ist Net 71 
R. H. Marschner, 
Jr. 2nd Net 76 
Tuesday J. S. Drake 


) ii 
H. Jorgensen } Ast Net 73 


©. 

L. J. Schneider 2nd Net 79 
F. C. Horner Ist Net 7] 
R. E. Clingan ) 

C. E. Dwyer 2nd Net 73 
K. M. Wise 

Thursday C. E. Dwyer Ist Net 75 


Wednesday 


J. P. Stewart 
S. Brown ‘ 7c 
W. B. Hoey 2nd Net 75 
G. Brown | 
Kickers Handicap—Ladies 
Monday Mrs. C. M. Larson—Net 89 
Tuesday Mrs. J. C. Tuttle—Net 87 
Wednesday—Mrs. W. H. Oldacre—Net 82 
WATER CARNIVAL 


Men—lIst Prize Gordon Brown 23 


2nd Prize W. F. Rockwell 16 
Ladies—lIst Prize Miss Betty Rockwell 33 
2nd Prize Mrs. Murray Fahne- 
stock 18 
FIELD DAY SPORTS 
Men—lst Prize F. J. Philippbar 26 
2nd Prize R. H. Marschner, Jr. 25 


Ladies—Ist Prize Miss Eleanor 
Schwarz 19 


; : (Mrs. Jane Schwarz P 
) ee ) 
2nd Prize | Mrs. E. F. Rossman ss 


LADIES BRIDGE 


Monday 
Ist Prize Mrs. J. H. Bolles 5650 
2nd Prize Mrs. J. M. Orr 4370 
Tuesday 
Ist Prize Mrs. H. W. Kizer 5290 
2nd Prize Mrs. R. E. Clingan 4390 


Wednesday 
lst Prize Mrs. William B. Barnes 5160 


2nd Mrs. N. Lazarnick 5050 
Thursday 
Ist Prize Mrs. R. H. De Mott 5240 


2nd Prize Mrs. N. Lazarnick 1440 
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News of the 
Society 


S.A.E. Members Prominent 
In N.A.C.A. Conference 


A! the Tenth Annual Conference and Field 
Day of the National Advisory Committee 
for Aeronautics held May 22 at Langley Field, 
Va., aircraft engineers and designers from all 
parts of the United States were fascinated by 
the gyrations of an airplane model shown in 
free operation in the new glass-enclosed wind- 
tunnel recently completed and one of two such 
devices in the world. 

Many prominently representative members of 
the Society attended, among these being W. B. 
Stout, its president; John A. C. Warner, its 
general manager; G. W. Lewis, N.A.C.A. direc- 
tor of research; H. J. E. Reid, N.A.C.A. engi- 
neer in charge; Dr. Jerome C. Hunsaker and 
Hon. Edward P. Warner, who served together 
on the Federal Aviation Commission; Dr. H. C. 
Dickinson, Bureau of Standards; Charles L. 
Lawrance, designer of the Wright ‘‘Whirlwind” 
engine; Harold F. Pitcairn, president of the 
Autogiro Co. of America; Maj. Edwin E. Aldrin, 
Standard Oil Co. of New Jersev; Grover Loen- 
ing, president of the Grover Loening Aircraft 
Co.; Vincent Bendix, president of the Bendix 
Aviation Corp. and past-president of the Society; 
and Frank W. Caldwell, chief engineer, Hamil- 
ton Standard Propeller Co. and designer of the 
controllable-pitch propeller. 


Prominent Members Attend 


Other prominent personages in attendance 
were Dr. Joseph A. Ames, Chairman of the 
N.A.C.A.; Rear Admiral Ernest J. King, chief 
of the Navy Bureau of Aeronautics; Maj.-Gen. 
Benjamin G. Foulois, chief of the Air Corps; 
Maj. James H. Doolittle; and Col. Charles A. 
Lindbergh. 

The opening session convened in the Post 
Theater at Langley Field and an inspection of 
the laboratory was made in the morning by the 
visiting engineers in five groups. The inspec- 
tion included the propeller-research tunnel, the 
free-spinning tunnel, the N.A.C.A. tank, the 
flight-research laboratory, the powerplants labo- 
ratory, the variable-density wind-tunnel and 
the atmospheric wind-tunnel. Conferences were 
held in the afternoon, the subjects being: High- 
lift devices and lateral control at low speeds, 
flutter and vibration, cowling and cooling, inter- 
ference and aerodynamic efficiency, and com- 
pression-ignition engines. 

The airplane model demonstrated was that 
ot a modern American fighting plane and this 
was inserted by means of a pole inside the glass 
walls of the vertical free-spinning tunnel. The 
visitors watched the demonstration from a high 
platform through windows, thus being able to 


see into the brightly lighted tunnel interior. 
The upward rush of air was produced by a 
large propeller and could be maintained at 
speeds up to 50 m.p.h. When the air began to 
rush upward, the model began to revolve and 
shortly circled freely, being borne up by the air- 
stream. The pole was then withdrawn. After 
a minute of spinning had elapsed, clockwork 
mechanism in the model threw its rudder over 
sharply as would be done in actual flight to 
recover from a spin. This action of the rudder 
was indicated by a miniature green light on the 
model and, after another minute of spinning 
with the rudder hard on, the stabilizer on the 
model was operated by the clockwork as was 
indicated by a red light. Watching these evolu- 
tions of the model made the visitors realize that 
this research means is likely to solve largely the 
problem of the airplane spin and its correction 
without the risk to human life involved in spin- 
testing military and other airplanes as it is prac- 
ticed at present. It was stated that the Navy 
Bureau of Aeronautics may use this means of 
testing the new type of fighting plane. 

Another spectacular demonstration was that 
of autogiro take-off which was made in the 
full-scale wind-tunnel. An autogiro rotor of 
about one-third scale was mounted on a hub 
to which it was held by metal fingers which 
could be released by a cord. An electric motor 
drove the rotor, with its blades flat, up to a 
speed about 40 per cent above normal starting 
speed of the autogiro and then the angle of the 
blades was suddenly altered to that for high-lift 
pitch and the release cord was pulled. The en- 
ure rotor then leaped up from its hub in vertical 
ascent, indicating the feasibility of vertical auto- 
giro take-off. It was said that an autogiro hav- 
ing these take-off characteristics and that can 
also fold its blades and be driven on a highway 
has been ordered by the Bureau of Air Com- 
merce for testing purposes. 


Demonstrations Show Progress 


Other demonstrations made manifest recent 
advances in the development of the autogiro, 
the study of wing flaps, wing slots and other 
high-lift devices; improved cooling of engine 
cylinders, including blower cooling, which may 
lead to the placing of air cooled engines within 
the wings of airplanes and thus lead to still 
higher speeds and efficiencies; seaplane bottoms 
with changes in shape leading to much shorter 
and more effective take-off; a new aileron de- 
veloped by the N.A.C.A. which indicates greatly 
improved control and therefore increased safety 
at low speeds; and other major advances in the 
fields of aerodynamics and of powerplants. 
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Rockefeller Discusses 
Future of Air Transport 


@ So. California 


R. N. Reinhard was unanimously elected 
Chairman for the coming year at the May 17 
meeting of the Southern California Section held 
in the Athenaeum of the California Institute of 
Technology, Pasadena. 

W. C. Rockefeller, teaching and research 
Fellow at the Institute, discoursed on the sub- 
ject: “The Future of Air Transport’. 

The dinner attendance was 86; and the regis- 
tered total attendance, 116. 


Among those prominent in the discussion 
which followed the presentation of the paper 
were: C. T. Austin, C. E. Stryker, J. L. Thayer, 
E. H. Ross, C. F. Leinesch and F. R. Elliott. 
Following this, those in attendance were shown 
the Wind Tunnel. 

Mr. Rockefeller’s paper covered various phases 
of high-altitude flying, including comfort and 
needs of the passengers, the advantages, elimina- 
tion of present meteorological difficulties except 
at takeoff and landing, and time saved due to 
higher average speeds. He pointed out that 
high-altitude flying would not be advantageous 
on flights of 500 miles or less, as the time neces- 
sary to take off and land would offset the gain 
in speed at the higher altitudes. 


Milwaukee Enjoys 
Metallurgical Day 


@ Milwaukee 


An afternoon and evening meeting sponsored 
by the Belle City Malleable Iron Co. and the 
Young Radiator Co. was held in Racine, Wis., 
May 1, by the Milwaukee Section, it being at- 
tended by 120 members and guests. The after- 
noon session consisted of a tour of inspection 
of the Belle City Iron Co.’s modern foundry. 
After viewing the electric furnaces and anneal- 
ing ovens in operation, the group was well pre- 
pared for the evening’s papers and the compli- 
mentary dinner at the Hotel Racine given by the 
sponsor companies. 

The speakers of the evening were D. Porter 
Spencer, metallurgist, and R. J. Anderson, assis- 
tant superintendent of the Belle City Malleable 
Iron Co. Lantern slides supplemented the pa- 
pers, which dealt with electric-furnace iron 
generally and Belectric iron particularly. 

Mr. Spencer traced the development of elec- 
tric cast iron to France before the war, where 
the product resulting from carburizing steel bor- 
ings with coke and coal was used to improve 
steel heats that were too soft. Destruction of 
blast furnaces during the war lent impetus to 
the use of the electric furnace for direct produc- 
tion of pig iron. However, the demands created 
by our higher automotive speeds for increased 
strength and reduction in weight, together with 
closer specifications, brought electric-furnace iron 
to its present state of perfection. His lantern 
slides brought out very clearly by comparison the 
improved grain structure and homogeneity of the 
matrix resulting from the elimination of solid or 
gaseous fuel with its contaminating influence and 
the uniformly high temperatures possible with 
the electric furnace. 

Mr. Anderson dealt with the engineering ap- 
plications of the product and its machinability at 
much higher hardness numbers than those of 
ordinary iron, through the elimination of mas- 
sive carbides by the higher furnace temperatures. 
That it is definitely a specification iron was 
brought out by showing the close relationship 
existing between percentage of combined car- 
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bon, hardness, and machinability. In a series 
of go heats, a variation of but 10 per cent in 
silicon and 7 per cent in carbon was noted. 
With the increasing use of cast crankshafts and 
camshafts, considerable attention was given in 
the paper and subsequent discussion to the abil- 
ity of Belectric iron to withstand fatigue loading. 
Test bars stressed to 17,200 lb. per sq. in. 
were run for 50 million revolutions without 
failure, and the conclusion was that 
electric-furnace iron could be safely stressed to 
40 per cent of its tensile strength without danger 
of fatigue. 


drawn 


The results of balloting for section officers for 
the ensuing year were announced. ‘The atten- 
dance at this, the last regular meeting of this 
season, was particularly gratifying and was gen- 
erally regarded as a tribute to the retiring chair- 
man, C. E. Frudden, under whose leadership 
the Milwaukee Section has enjoyed a most suc- 
cessful season. 


Members Visit 
College Campus 


@® Oregon 


The Oregon Section was represented by more 
than 30 members and friends at the first annual 
engineer’s day held on the Oregon State Col- 


lege campus, May 25. The programs and S.A.E. 
technical meeting were also attended by the 14 
student members enrolled in the 
engineering at the College. 

More than 200 
engineering 
attended the 


school of 


engineers representing ten 
organizations throughout the state 
event which was planned by the 
College to replace the individual founder’s day 
programs of the various 
were previously 


organizations which 
held on the campus. 

The program included inspection of the en- 
gineering laboratories throughout the afternoon, 
an “All Engineers’ Dinner” at which the organ- 
izations were lauded by G. W. Peavy, president 
of the College, for their cooperation with the 
school of engineering, and technical 
of each group in the evening. 


meetings 


Entertainment was provided in the form of a 
golf tournament, a Rook baseball game, a crew 
race, bridge for the ladies and a dance 
Memorial Union ballroom in the evening. 


in the 


Unquestionably the finest prizes awarded at 
the banquet to student winners in the contests 
sponsored by the different groups 
presented by the Oregon Section. 
awards, 


were those 
First of these 
a silver loving cup and $20 in 


casn, 
was awarded to Edward J. McLaughlin for his 
paper on “A Study of the Comparative Values 
of Different Methods of Automotive Valve Re- 
conditioning”’. 


[The paper, read at the technical session in 
the evening, covers microscopic examination of 
valve seats and valve faces and tests for valve 


leakage under 145 lb. gage 
reconditioned by grinding, 
ping, with 
common 


valves 
reaming and/or lap- 
determining which of 
reconditioning ac- 


pressure for 


the object of 
methods of valve 
tually produces the best job. The conclusion was 
reached that 


tightest seal 


lapping of valves produces the 


Some of those attending the meeting at Cor- 
vallis, May 25, were: Ernest Allen, O. A. Struss, 
M. E. Vandewater, R. Rose, S. C. Schwarz, 


Kenneth Mutch, George Faulkner, Fred Dundee, 


Andy Halford, S. R. Hammond, K. Avres, 
J. V. Savage, H. W. Drake, William Paul, R. 
E. Summers, S. H. Graf, and Henry Kuehn. 


J. Verne Savage presided at the 
ing An interesting 
which was treated by 
reading of the pay 


Vol. 


S.A.E. meet- 
discussion of the 


McLaughlin followed his 


subject 


er 
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New England Holds 


Big Annual Outing 


@ New England 
The Annual Outing of the New England 
Section was held on June 13, at the Paul Revere 


Golf Club, Lexington, Mass., 
tendance. 


with 50 In at- 


The meeting was devoted mainly to golf and 


sports. Dan Corcoran won first prize (one 
dozen golf balls) for a low gross score of 75 
for 18 holes. The “blind par’? Duffer’s Handi- 
cap was won by William Clark and A. W. 


Devine, the prizes for which were a duffle bag 
and an electric fan. One dozen golf balls were 
awarded to L. T. Clark for the “Best Selected 
Nine” for 18 holes, and Al. Hunt 
box of cigars for a “Blind Nine” for 
Several prizes 


received a 
18 holes. 
other were awarded for 
formance, but the high-light of 
a prize—a set of brake-linings 
W. Devine, assistant 
of the Registry of 
wealth of 


per- 
the event was 
won by Alfred 
motor-vehicles 
Vehicles, 
a “drawing” made 
from members’ and guests’ registration cards to 
determine the winne1 


registrar of 
Motor 
Massachusetts, in 


Common- 


To Carl R. Smith went 
the first prize in the horseshoe-pitching contest, 
and V. A. Nielsen took 
A business 
for the election of next 
are: Capt. Samuel S. 
tendent, U. S. Army Ordnance 
Watertown Arsenai, Watertown, 
man; John Q. Adams, manager, 
Drive Sales Co., Brighton, Mass., vice-chairman; 
Albert Albert Lodge, Inc., Green- 
field, Mass., treasurer; and William S. Marsden, 
Sharon, Mass. 


second 
session Was 


prize. 
held in the 
year’s 


evening 
They 
superin 


officers. 
3urgey, shop 
Department, 


Mass., 
Four 


chai 
Wheel 


Lc rdge, ot 


» secretary. 


Dorris and Rendel 
Cover Diesel Field 


@ St. Louis 


] 


The history of gasoline and 


was reviewed by G. 


Diesel engine 


P. Dorris, consulting engi 
g 


neer, at the May 10 meeting of the St. Louis 
Section held at the Coronado Hotel. The sec- 
ond paper was presented by T. B. Rendel, of 
the Shell Petroleum Corp., its subject being 


“Diesel-Fuel Development.” 
dance Was 29; 


The dinner atten- 
the total attendance, 65. 

Mr. Dorris showed several movie films, sup- 
plied by the Waukesha Motor Co., in connection 
with his presentation of 


Diesel-engine development. 


gasoline-engine and 
Mr. Rendel re 


viewed the various developments of Diesel fuel 


and exhibited interesting lantern slides. A 
lengthy discussion ensued in which the good 
points and the shortcomings of Diesel engines 


were commented upon. 


Stout Draws 490 
At Indianapolis 


@ Indiana 


President William B. 
annual race-week meeting of the Indiana Sec 
tion held May 28 at the Athenaeum, Indianap- 
olis, drew the largest attendance 


Stout, addressing the 


ind was mainly 
instrumental in producing the most enthusiast 


and satisfactory meeting of the Section’s year. 


The dinner attendance was 130, and 490 were 
present at the technical session. W. K. Creson, 
chief engineer of the Ross Gear & Tool Co.., 
was elected Chairman of the Section for the 


ensuing year. 


President Stout’s paper dealt chiefly with ait 
craft. But he presented an interesting resume 
of the craft of several types that he designed 


during the war and since then—airplanes, auto- 
mobiles and railcars, and reviewed the part that 
swifter-moving transportation has played in lift- 
ing civilization to new heights. The Stout 
Scarab, the streamlined car he designed and 


built, was exhibited. 


Cleveland Elects Colwell; 
Holds Annual Outing 
@ Cleveland 


The Cleveland Section held its May 23 meet 
ing at the Lake Forest Country Club, Hudson, 
Ohio, and elected A. T. Colwell 
for the coming year. 


as Chairman 
Golf and soft-ball playin 
were indulged in during the afternoon. 

Music, entertainment, and the distribution of 
golf prizes were features of the evening dinner. 
Ferdinand Jehle, of the White Motor Co., was 
presented with 


e 


a handsome lamp in recognition 
of his splendid work in the interests of the 
Cleveland Section’s S.A.E. Junior JourRNAI 


Engines and Fuels 
Subject of Cole 


@ Baltimore Regional 


The Baltimore Section held its 


first regional 
meeting for the benefit of the members in the 
western section of Maryland on June 6. Thi 
new venture of the Section was tried as an ex- 


periment, and its 


success undoubtedly 
this type of 
Section officer 

J. S. Cole, of the Ethyl Gasoline Corp., spoke 
on “Modern Engines and Their Fuels”. Those 
present included 12 members and a like number 
of guests. The informal dinner preceding the 
technical session was attended by 2 
and guests 


will lead 


to more ol 


meeting, according to 


member 


Thomas Gets Medals 


In the room of the South Kensington 
Science Museum, 
Wright Brothers’ original airplane 1 
suspended from the ceiling, Frederick M. 
Thomas (J’30) was awarded the Wright 
Brothers’ and Manly Memorial Medals ot 
the S.A.E., as joint author of a paper on 
“Cowling and Cooling of Radial Aircratt 
Engines’. with the United 


London, where the 


Formerly 


Aircraft Corp. at East Hartford, Conn., 
Mr. Thomas is now on assignment with 
the De Havilland Aircraft Co., Ltd., 
and therefore could not receive the 
medals at the last Annual Meeting of the 
Society with his collaborators Rex B 
Beisel and A. Lewis MacClain. 

The presentation in London was at 


ranged to take place at a convocation of 
the Royal Aeronautical Society, through 
the efforts of A. H. Roy Fedden, chiet 
engineer, Bristol Aeroplane Co., recipient 
of the Manly Memorial Medal in 1933 at 
the International Automotive 
ing Congre 
mittee 


Engineet 
the Com 
award to Messr 


and member of 


which made the 


Beisel, MacClain and Thomas. 

A letter from President Stout, expre 
ing the greetings and good wishes of th 
Society of Automotive Engineers to th 
Royal Aeronautical Society, with appr 
ciation of the latter’s cooperation in pet 
mitting the presentation of the meda 
it one of their meetings was read by Mr 
Fedden, and received wide mention 1n 
t British Aeronautical press. 














What Members Are Doing 


Prof. Jerome C. Hunsaker, head of the 
mechanical engineering department, Massachu- 
setts Institute of Technology, has announced the 
opening at M.I.T. of a new five-year cooperative 
course 1n mechanical engineering, leading to the 
degree of master of science. 


Geo ge Ps Williams is now connected 
with the design department, The Pratt & Whit- 
ney Aircraft Co., East Hartford, Conn. He was 
formerly research associate, aeronautical engi- 
neering at Massachusetts Institute of Technology, 
Cambridge, Mass. 


i. &,. Hoffman is now operating the Hoff 
man Motor Development Co., Detroit, Mich. 


Nicholaas ]. Den Tex, formerly president, 
Double Arrow Ranch, Greenough, Mont., is now 
owner of the Den Tex Ranch, Marion, Mont. 


William T. Livermore is now engineer 


with the Detroit Gear & Machine Co., Detroit, 
Mich 


James B. Robinson, formerly research en- 
vineer with the International Harvester Co., 


Fort Wayne, Ind., is now automotive engineer 
with the Kendall Refining Co., Bradford, Pa. 


Herman Stoll, formerly automotive engi- 
neer, Chevrolet Motor Co., Detroit, 1s now asso- 
ciated with Adam Opel A.G., Russelsheim, 
German 


John S. Maloney has joined the Sperry 
Gyroscope Co., Inc., Brooklyn, N. Y., as research 
engineer and engineering secretary. He was 
formerly engineer, chassis division, Springfield 
Manufacturing Corp., Springfield, Mass. 


Oscar P. Liebret h, power brake engineer, 
Smith & Gregory of New York, Inc., has been 


transferred to their Brooklyn plant from Long 
Island City. 


Fritz Mitschke, formerly checker of tool 
design, Pioneer Engineering & Manufacturing 
Co., Detroit, is now employed as tool designer, 
Pratt & Whitney Machine Co., Hartford, Conn. 


Harry R. Krieter is now connected with 
the Perfection Gear Co., Harvey, Ill., in the 
capacity of clutch and development engineer. 
He was formerly chief engineer, Burgess-Norton 
Manufacturing Co., Geneva, IIl. 


Frank E. Queeney is now employed by 
the Electromotive Co., Cleveland, Ohio, as rep- 
resentative and resident inspector. 


Eugene J. Lourie has joined the Central 
Engineering Department of the Electric Auto- 
Lite Co., Toledo, Ohio. He was formerly en- 


gineer, Research Division, Chrysler Corp., De- 
troit, Mich. 


V. B. King, formerly Canadian production 
manager, White Co., Ltd., Montreal, Quebec, re- 
cently organized Truck Engineering of Canada, 
Woodstock, Ont., of which he is president. 


Robert F. Kohr is now chief engineer at 
Asbestos Manufacturing Co., Huntington, Ind. 


Frank B. Killian, chief automotive engi- 
neer, Export Department, Socony-Vacuum Oil 
Co., Inc., New York, has recently been assigned 
in charge of sales promotion as well as auto- 
motive engineering in all of the overseas opera- 
tions of the company. 


Cu, Thompson, formerly chassis engi- 
neer, Auburn Automobile Co., Auburn, Ind., is 


now representing the engineering department of 
the A. O. Smith Corp., in Detroit. 


Harold B. Boyer is now with the Szckely 
Engineering Corp., Elmira, N. Y. He was 
formerly doing layout and design work for the 


American La France & Foamite Corp., Elmira, 
nN. Y. 


Lieut. Robert S. Wolfsohn has been as- 
signed to the 861st Field Artillery, Civilian Con- 
servation Corps, Company No. 979 at Camp 
Bradford, Camas Valley, Oregon. 


Louis C. Huck, formerly president and 
general manager, Huck Manufacturing Corp., 
Detroit, Mich., is now in the Huck Rivet Divi 
sion of the Clark Equipment Co., Buchanan, 


Mich. 


Arthur R. Blood, formerly designer, engi 
neering department, Winton Engine Corp., 
Cleveland, is now engine designer, automotive 
division, Lycoming Manufacturing Co., Wil 
liamsport, Pa. 


Judd W. Spray, formerly vice-president, 
Timken Roller Bearing Co., Canton, Ohio, is 
now executive vice-president, Bower Roller Bear- 
ing Co., Detroit, Mich. 


]. Verne Savage, chairman-elect of the 
Oregon Section, received a rating of 100, in a 
recent civil-service examination for the posi- 
tion of superintendent of municipal shops in 
Portland. Mr. Savage has actually occupied the 
position for a number of years, getting his 
original appointment by promotion. In passing 
the examination, which was of a confirmatory 
nature, Mr. Savage led a field of 16 candidates, 
receiving the only perfect rating. 


S.A.E. Members Receive Academic Degre aS 





To James D. Mooney (M ’20), president of the General Motors Export Co., was awarded on June 3 the honorary degree of 
Doctor of Engineering, at the Case School of Applied Science in Cleveland. To Henry Ford (M 05), Colgate University, 


Hamilton, N. Y., awarded the honorary degree of Doctor of Laws: the date- 


June 10. On Clarence W. Spicer (M 710), 


vice-president of the Spicer Mfg. Corp. and chairman of the general Standards Committee of the Society, Alfred Univer- 
sity, Alfred, N. Y., conferred the degree of Doctor of Science, honoris causa. 
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New Members Qualified 


ALDINGER, Frep (M) assistant chief engineer, 
export department, Texas Co., Room 
Chrysler Building, New York City. 

AnpREws, WILLIAM GeorceE (F M ) manager, 
motor department, Shell Mex & B. P., Ltd., 
Post Office Box 148, Shell Mex House, London, 
W. C. 2, England; (mail) Old Ferry House, 
Wraysburg, Bucks, England. 


1602, 


Berc, SicgvaL Manrorp (M) sales engineer, 
Stewart Warner Corp., 6050 Cass Avenue, De- 
troit. 


BoNEHAM, JoHN (F M) managing director, 
Boneham & Turner, Ltd., Mansfield, England; 


(mail) Elm House, Nottingham Road. 


BRUENING, J. M. (A) president, Ohio Ball 
Bearing Co., 6531 Euclid Avenue, Cleveland. 


CastraGHi, Giovanni P., Dr. (M) structural 
engineer, Waco Aircraft Co., Troy, Ohio; (mail) 
Post Ofhce Box 307. 

CHETWYND-CHatwin, H. H. H. (J) transport 
assistant, Iraq Petroleum Co., Ltd., Box 309, 
Haifa, Palestine. 


CrarkK, Mantey H. 
Le Roi Co., Milwaukee; 
Ave., Los Angeles. 


(M) western 
(mail) 810 


manager, 
Santa Fe 


CLower, JaMeEs Ira (M) assistant professor, 
machine design, Virginia Polytechnic Institute, 
Blacksburg, Va.; (mail) Box 575. 


CosGRAVE, Eart Joun (A) sales representative, 
Fox Co., 2-146 General Motors Building, De- 
troit. 

Downey, GEorGE A. 
George Lawrence, 
Cambridge, Mass. 


(A) assistant manager, 
Inc., 13 Lansdowne Street, 


Downie, Georce Sim (J) manager, George 
Downie, Port Dover, Ontario, Canada. 


Ecuuin, J. E. (M) president, Echlin & Echlin, 
Inc., 799 Golden Gate Avenue, San Francisco. 
HausHALTER, Frep L. (M) development engi- 
neer, B. F. Goodrich Co., Department 0730, 


Akron, Ohio. 


Heintz, RatpH M. (M) president, general 
manager, Heintz & Kaufman, Ltd., South San 
Francisco, Calif.; (mail) 1455 Hamilton 
nue, Palo Alto, Calif. 


Ave- 


Heintze, Artuur L. (M) staff engineer, Sin- 
clair Refining Co., 45 Nassau Street, New York 
City; (mail) 7445 Teasdale Avenue, St. Louis, 


Mo. 


These applicants who have quali- 
fied for admission to the Society 
have been welcomed into member- 
ship between May 10, 1935, and 
June 10, 1935. 

The various grades of member- 
ship are indicated by: (M) Mem- 
ber; (A) Associate Member; (J) 
Junior; (Aff.) Affiliate Member; 
(SM) Service Member; (FM) 
Foreign Member. 


Houston, Fraser C. A. (A) department man- 
ager, Exide Batteries of Canada, Ltd., 153 Duf- 
terin Street, Toronto, Ontario, Canada. 


Hurvesaus, Gwynn I. (A) commodity chief, 
Purchasing Office, Dept. of Interior, City of 
Washington; (mail) 217 Ninth Street, South 
East. 

Ke_Ler, Watt (A) district manager, Aetna 
Ball Bearing Mfg. Co., 7310 Woodward, Detroit. 


KUEHN, (M) production manager, 
Electro-Motive Corp., 2160 West r1o6th Street, 
Cleveland; (mail) 18000 Bradgate, South West. 

LATIMER, WILLIAM JAMES, JR., 
(S M) U. S. Army, Ordnance 
Watertown Arsenal, Mass. 


LINDBLOOM, ALBERT C. 


bloom Auto Parts Co., 
Avenue, Chicago. 


ERNEST 


st Lieut. 
Department, 


(A) president, Lind- 
South 


6210 Artesian 


MarTiINn, Erte (M) assistant chief engineer, 


Hamilton Standard Propeller Co., East Hart- 
ford, Conn. 


McManuon, Lreonarp H. (A) manager, lubri- 
cating oil department, American Oil Co., Room 
2107, 122 East 42nd Street, New York City. 

Meap, W. L. (M) 11 Way, 
Lakewood, N. Y. 


Vista Box 75, 


Meunier, Frank C. (A) automotive engineer, 
General Petroleum Corp., 
Building, Seattle, Wash. 


Meyer, Morris (J) foreman, Automotive Spe- 
cialty Corp., 382 Jefferson Street, Brooklyn, 
N. Y.; (mail) 592 Maple Street. 


Pacific ‘Terminal 


MinetT, Irvine J. (J) experimental boxing, 
Chrysler Export Corp., Detroit; (mail) 
Woodward Avenue. 


13220 


Morrow, 


(M) 
Steel Co. of Canada, Ltd., Wilcox Avenue, Ham- 
ilton, Ontario, Canada. 


James G. chief metallurgist, 


Ruoaps, Arpert E. (M) vice-president, De- 
troit Electric Furnace Co., 825 West Elizabeth 
Street, Detroit. 


RosENBERGER, R. J. (A) assistant superinten- 
dent, superintendent of transportation, Pennoyer 
Merchants Transfer Co., 742 West Polk Street, 
Chicago. 

Rurecc, Max (M) designer, Cadillac 
Car Co., Engine Department, Detroit. 


Moto: 


ScHwartz, Irnvinc W. (A) general manager, 
Zone Oil Trucking Corp., Brooklyn, N. Y.; 
(mail) 26 Bridgewater St. 


SocieETE FRANCAISE Hispano-Suiza (Aff.) Rue 


du Capitaine Guynemer, Bois-Colombes (Seine), 
France; Representative: Birkigt, Marc. 


SULZMAN, EpMUND CHESTER (J) layout drafts- 
man, Wright Aeronautical 
N. J.; (mail) North 
Orange, N. J. 


Corp., 
Munn 


Paterson, 
150 Avenue, East 

SuTTLes, Ernest A., 
portation officer, U. S. 
Me. 


ist Lieut. (S M) trans- 
Army, Fort Williams, 


Nei C., 
Aeronautical Corp., 
son, N. J. 


THOMSEN, (A) foreman, Wright 


Engine Department, Pater- 


Toomey, HuMpHREY WALLACE 
engineer, Pan American Airways, 
bean Division, Post Office 


Fla. 


(M) 
Inc., 
4191, 


division 
Carib- 
Box Miami, 
TuszyNnsk!1, JAN Aucustr (J) chief, fuels and 
lubricants section, Institute of 
Aeronautics, Warszawa, Poland; 
wonego Krzyza 21 m. 6. 


Research for 
(mail) Czer- 
Wattace, Ropert C. (M) assistant chief en 


gineer, Marmon-Herrington Co., Inc., Indianap- 
olis. 


Warp, JoHn T. (M) director of research, 
M. W. Kellogg Co., 225 Broadway, New York 
City. 

WILpHacEN, F. G. 
International Harvester 
Potrero, San Francisco. 


fleet sales, 


America, 


(A) national 
Co. ot 
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Yost, Georce W. (A) general manager, Sub- 
urban Transport System & Tricoach Corp., 310 
Central Terminal Building, Seattle, Wash. 


Applications Received 


ALLEN, Lr. Frank, 33rd Division Aviation, 
Chicago, III. 


Bessey, CHARLES Dow, draftsman, Rural Elec- 
trification, Augusta, Maine. 


CAMPBELL, GrorcE J., sales engineer, Johns- 
Manville Corp., New York City. 


CHapwick, Epwarp, garage superintendent, 
Little Falls Laundry, Little Falls, N. J. 


CoLLetTT, Knut, Moller & 
A/S, Oslo, Norway. 


director, Larsen 


Deacon, Jonn C., mechanical superintendent, 


Central Canadian Greyhound Lines, Calgary, 
Alta., Canada. 
FRANKENFIELD, Tirus EMERSON, engineer, 


Schwitzer-Cummins Co., Indianapolis, Ind. 
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The applications for membership 
received between May 15, 1935, 
and June 15, 1935, are listed here- 
with. The members of the Society 
are urged to send any pertinent 
information with regard to those 
listed which the Council should 
have for consideration prior to 
their election. It is requested that 
such communications from mem- 
bers be sent promptly. 


Hari, Rosert Guy, district service manager, 
General Motors Fleet Sales Corp., Detroit. 


HARDEMAN, WALTER B., engineer in charge, 
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Mackay Spares Pty. Ltd., Carlton, Melbourne, 
Australia. 

HoLan, JAMEs, president, The 
Coach & Body Co., Cleveland, Ohio. 

Hunter, L. TrReEEs, 3317 172nd St., Flushing, 
W.. ¥. 

Keitn, P. C., Jr., vice-president, M. W. Kel- 
logg Co., New York City. 

KircHEN, Harotp JENNINGS, chief engineer, 
3ermuda Railway Co. Ltd., Hamilton, Bermuda. 

MacGrecor, Tuomas Douctas, 3 Claremont 
Road, Scarsdale, N. Y. 

Morr, Harry L., 
Oil Co., Chicago. 


American 


laboratory engineer, Pure 
MOLLER, JOSEPH 


Co., Chicago. 


Nevatt, Major C. 


A., engineer, The Pure Ol 


G., O.B.E., works man 





ager, Bristol Tramway & Carriage Co. Ltd., 
Bristol, England. 

PARTRIDGE, Francis THomas, supply man- 
ager, General Motors-Holden Ltd., Melbourne, 
Australia. 


S.A.E. JOURNAL 


Riesinc, Ertwoop F., sales engineer, Fire- 
stone Tire & Rubber Co., Akron, Ohio. 

Rutscuow, Freperick H. C., mechanic, 
Slaughter, Russell Co., San Francisco, Cal. 
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STICKLENSKI, JoHN, metal finisher, Hudson 
Motor Car Co., Detroit, Mich. 


TrownseEt_, Harorp C., truck manager, 
Chevrolet Motor Co., Chicago. 








st SANDERSON, CHARLES FREDERICK, managing " a it 1 ; 
m- Perez, Raut, engineer, Standard Oil Co. of director, Sanderson & Cheney Pty. Ltd., South Wier, Howarp L., Jr., 700 S. Desplaines, 
Cuba, Havana, Cuba. Melbourne, Australia. Chicago. 
e- Rick.es, MiLTon, surveyor, Town of Bethel, SCHEBLER, FRANK J., engineer, New York Wirtexk, Hans Lupwie, consulting engineer, 
th Engineering Department, Bethel, Conn. Telephone Co., New York City. Toronto, Ont., Canada. 
h- 
yer — 
et, 
to: 
: iti Ope S.A.E 
Se 
Positions Open to o he Hie 
ue 
eC), 
ts- The positions outlined below represent a selec- Members 
on, . e 
ast tion of four excellent openings among the recent 
bs listings with the Society’s Placement Service. If 
- youre interested, act now! — write or wire the 
ght | S.A.E. Placement Service, mentioning number of 
cr- 
opportunity. 
ion 
ib- E 842: Manager, age about 37, for small general | | 
mi, machine shop engaged in work of high quality, |ANNIVERSARY 
= not on a production basis. Both business and volelitec 
for technical ability are essential, and independent 
el business experience is desirable. 
ei | P 96: Chief inspector with general executive and 
business ability in addition to thorough experi- 
= ence in inspection problems and facility in dis- 
™ cussing inspection matters with important cus- 
los tomers. The position is in a large company 
200 using machine tools in limited production under 
ub. severe requirements. 
310 “is :, ; :, 
E 729: Executive assistant for chief designer in 
company manufacturing internal-combustion 
engines of advanced types. 
| . : ° 
P 101: Checker, thoroughly qualified in ma- 
chine-tool work, for design department of man- 
ufacturing company. 
rne, | 
ican an : . : . ° 
rhe S.A.E. Placement Service operates every working day of the year 
—_ as a free contact between employers and S.A.E. members who seek new 
Kel- connections. If you are an employer or unemployed, write the Place- 
a ment Service for information which will be of interest and value to you. 
ida. 
10nt 
a | THE PLACEMENT SERVICE, Society of Automotive Engineers, Ine. 
on 29 West 39th Street, New York, N. Y. 
an ia 
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C8 Member grade in the Society of Automotive Engineers 
shall be composed of persons . .. who by previous technical 
training or experience or by present occupation are quali- 
fied to act as designers or constructors of complete auto- 
motive apparatus or their important Component parts; or to 
exercise responsible technical supervision of the production 
of materials . . . . or to take responsible charge of automotive 


engineering work, including operation or maintenance; .... 


C9 Associate grade shall be composed of persons who are 


engaged in the automotive and related industries in a respon- 
sible commercial or financial or manufacturing capacity, 
or who are so connected with the automotive and related 


industries as to be competent to cooperate with automotive 
engineers. 





ae , oe = . , ‘ 
‘THE circled quotations are from bership in the S.A.E., and conse- business connection of every mem- 








the Constitution of the Society of 
Automotive Engineers. They  es- 
tablish the requirements for joining 
the Society, members of which make 
up S.A.E. Journav circulation. 


An exacting routine has been set 
up to maintain the selectivity of mem- 
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quently of JOURNAL readers. 


When you buy space in _ the 
JourNAL for advertising your product 
to the automotive industry, you are 
assured of reaching engineers and 
executives who have had to prove 
their right to become members of 
the Society of Automotive Engineers. 


There is no finer system of circu- 
lation control, and the proof is found 
in the S.A.E. Roster which lists the 


ber of the Society. 


N S.A.E. JourRNAL representative 
will be glad to give you for ex- 
amination a copy of the S.A.E. 
Roster. Let your own eyes “audit” 
it. 

No other automotive publication 
is in a position to offer so outstand- 
ing a proof of its leadership in terms 
of prominent subscribers and com- 
plete coverage of the industry. 


“In conference with 6000 automotive engineers, executives” 


S A EK JOURNAL 


Published by the SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
TWENTY-NINE WEST THIRTY-NINTH STREET, NEW YORK 
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S. A. E. Foreign Progress Dramatized 


(Continued from page 35) 


formation and material which made possible the dramatic 
and interesting Foreign Exhibit which was viewed with in- 
terest by the 700 members and guests who attended the 3oth 
Anniversary Summer Meeting at White Sulphur Springs. 

The pictures shown with this article were the first to ar- 
rive in answer to the Society’s request for International Ex- 
hibit material, and do not pretend to be a complete sampling 
of the available illustrations. Owing to the necessity of pre- 
paring this Thirtieth Anniversary Issue of the S.A.E. JourNAL 
for publication early in the month of June, this method of 
selection had to be followed. A complete list of overseas 
members who replied to the request for participation in the 
International Exhibit appears below: 


List of Participants in Exhibit 


A. J. Aters, works superintendent, The British Oxygen Co. Ltd., 
London, England. 

Henry W. ALtincHam, consulting engineer, London, England. 

Acprey P. Ames, lubricants and fuel oil manager, Standard-Vacuum 
Oil Co., Manila, P. I. 

Sin Herserr Austin, chairman of Board, Austin Motor Co. Ltd., 


Longbridge Works, Birmingham, England. 


F. R. Banks, technical representative, Ethyl Export Corp., London, 
England. 


M. J. B. Barparou, director, administrator, Societe Lorraine, Argenteuil 
(S-et-O), France 


Ernest L. Bass, chief engineer, Aviation Department, Asiatic Petroleum 
Co., Ltd., London, England 


REGINALD Beprorp, sales engineer, London manager, Benjamin Whit- 
taker, Ltd., London, England. 


Marius Bertier, Automobiles M. Berliet, Venissicux (Rhone), France. 


P. E. Biccar, chief designer, Leyland Motors, Ltd., Lancashire, 
England. 


Joun P. Black, managing director, Standard Motor Co., Ltd., Coventry, 
England. 


H. W. Borum, manager, Kronprinz Aktiengesellschaft fur Metallin- 
dustrie, Solingen-Ohligs, Germany. 


G. D. Borrtacr, manager, N. V. De Bataafsche Petroleum Myj., Delft, 
Holland. 


J. F. Buss, engineer, George Fischer, Steel & Iron +Works, Schaff- 
house, Switzerland. 


Perer Carp, chief engineer, (Engs.), Industria Aeronautica Romana, 
Brasov, Roumania. 


S. N. Castrie, consulting engineer, Waimanalo, Oahu, Hawaii. 


Joser CHMEL, owner, technical manager, Elektronspol, Prague, Czecho 


Anpre CrrroEeNn, Societe Anonyme Andre Citroen, Paris, France. 
Huspert I. CLemMeENtTs, owner, H. 1. Clements, Sydney, Australia. 


S. E. Dirumer, production manager, General Motors Japan, Ltd., 
Osaka, Japan. 


JEAN Donnay, manager, Chenard & Walcker Automobiles, Genne- 
villier (Seine), France. 


CHarces Faroux, consulting engineer, editor, La Vie Automobile, 
Paris, France. 


A. H. R. Feppen, chief engineer, Bristol Aeroplane Co., Ltd., Bristol, 
England. 


Aran R. Fenn, London, England. 


James Fiecper, chief engineer, National Roads & Motorists’ Asso- 
ciation, Sydney, Australia. 


W. L. Fisner, editor, Automobile Engineer, London, England. 


ALcpHrus FLowrr, managing director, Flower’s International Patents, 
Ltd., London, England. 


Uco Gossato, general manager, Alfa Romeo, Milan, Italy. 


Max Go.tpscHMipT, president, Mecano, G.m.b.H., Frankfort a/Main, 
Germany. 
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C. E. Goopyear, works director, Dunlop Rim & Wheel Co. Ltd., 
Coventry, England. 


PauL Gorz._, general director, Steyr-Werke A.G., Vienna, Austria. 


Maurice Gouparp, president, Societe des Ingenieurs de |’Automobile, 
Paris, France, and president, Carburateur Solex, Neuilly S/Seine, France. 


Bruno Grassi, chief engineer, general manager, Grassi & Cia 
Brazil. 


*?) 
Epwarp G. Grinuam, chief engineer, Standard Motor Co. Ltd., 
Coventry, England. 


Nits Gustarsson, chief engineer, Svenska Ackumulator Aktiebolaget 
Jungner, Stockholm, Sweden. 


Sypney S. Guy, managing director, Guy Motors, Ltd., Fallings Park, 
Wolverhampton, England. 


Oscar H. Hacker, chief engineer, Austro Daimler-Puchwerke A. G., 
Wiener-Neustadt, Austria. 


W. R. Hamer, service manager, General Motors Peninsular, S.A., 
Barcelona, Spain. 


Harotp F. Hawortn, Leyland Motors, Ltd., Lancashire, England. 
Haro_p Heatu, works manager, Humber, Ltd., Coventry, England. 


JosepH F. Horir, manager, Motor Services (London) Ltd., London, 
England. 


FreprericK J. HucnHes, test engineer, T. S. Motors, Ltd., Maidstone, 
England. 


Joun J. Ine, technical assistant in Europe, National Advisory Commit- 
tee for Aeronautics, Paris, France. 


Joun Samuet Irvine, general manager, Bendix, Ltd., Birmingham, 
England. 


Orro Kanrs, bilsagkyndig, Norwegian Civil Service, Oslo, Norway. 


Georce L. Kevvtery, charge of manufacturing and engineering, Pressed 
Steel Co. of Great Britain, Ltd., Oxford, England. 


FREDERIK KooLHovEN, managing director, N. V. Koolhoven Vlieg- 
tuigen, Rotterdam, Holland. 


ANTONIN O. KusBat, manager, Ceskomoravska-Kolben-Danek, A.S., 
Prague, Czechoslovakia. 


Teny V. Kumpera, president and general manager, Walter Motor 
Cars & Aero. Engines, Ltd., Prague, Czechoslovakia. 


Yryo Lerviska, Helsinki, Suomi (Finland). 
PierRE Lemaire, director, Ecole Centrale Lyonnaise, Lyons, France. 


Orro Loumann, advisor, Chinese National Government, Nanking, 
China. 


Coin Macsrrtn, consulting engineer, Birmingham, England. 


Ernst Mane, engineer, Elektronmetall, G.m.b.H., Stuttgart-Bad- 
Cannstatt, Germany. 


J. E. Mativert, technical director, L’Accessoire de Precision, Levallois- 
Perret (Seine), France. 


Crcit S. Marks, owner, Marks Engineering Works, Cape Town, 
South Africa. 


WitiiaM Lockwoon Marsu, editor, Aircraft Engineering, London, 
England. 


Exnest C. McKinnon, chief engineer, Chloride Electrical Storage Co. 
Ltd., North Manchester, England. 


Witu1aAM P. Megson, general manager, Blackburn Aeroplane & Motor 
Co. Ltd., Brough, East Yorkshire, England. 


Henry E. Merritt, deputy chief engineer, David Brown & Sons 
(Huddersfield), Ltd., Huddersfield, Yorks, England. 


Marcet Micuewin, chief manager, Test Department, Michelin & Cie, 
Clermont-Ferrand, France. 


Joun W. Mis, general manager, Sunbeam Motor Car Co. Ltd., Moor- 
held Works, Wolverhampton, England. 


Georce Murray, chief engineer, T. S. Motors Ltd., Maidstone, 
England. 


LD. F. Myers, technical advisor, trust department, Central Bank of 
China, Shanghai, China. 


StanLty W. Nixon, technical manager, C. M. D. Engineering Co. Ltd., 
Warwick, England. 


H. F. L. Orcutt, managing director, The Gear Grinding Co., Ltd., 
Handsworth, Birmingham, England. 
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James B. Osrer, chief engineer, Motor Department, Carter, Paterson 
& Co., Ltd., City Road, London. 

Eric C. Orraway, technical 
Board, London, England. 


oficer, London 


Passenger Transport 


F. G. PARNELL, sales engineer, Automotive Products Co., Ltd., Lon- 
don, England. 


G. W. Patcnett, U. Druhe Baterie C 10, Prague, Czechoslovakia. 
Henrt Perrot, managing director, Societe Bendix, Paris, France. 
Maurice Pratt, technical editor, The Motor, London, England. 


FERDINAND Porscnue, chief draftsman, director, Dr. Ing. F. 
G.m.b.H., Stuttgart-N, Germany. 


Porsche, 


Joun VERNON Puc, chairman, Charles H. Pugh, Ltd., Birmingham, 
England. 


Ericu Cart Rasssacn, director of sales, Robert Bosch A.G., Stuttgart, 
Germany. 


Durren N. Ray, assistant, charge of service department, works man- 
ager, Leyland Motors, Ltd., Calcutta, India. 


Cuarces Ripiey, director and general manager, Triumph Co., Ltd., 
Coventry, England. 


G. Roescn, chief engineer, Clement Talbot, Ltd., London, England. 


Billes 3 


Ernest ScHM1pD, general manager, Usines de Roulements a. 
Schmid-Roost, Annecy, France. 


WILHELM director, 
Berlin-Charlottenburg, Germany. 


SCHOLZ, Reichsverband der 


Automobilindustrie, 


F. P. Servais, vice-president, Vereinigte Servais-Werke, Rheinland, 
Germany. 


Mitos SMEJKAL, manager, Skoda Works, Ltd., Praha, Czechoslovakia. 


G. T. Smuru-CiarkKeE, director and chief engineer, Alvis Car & Engi- 
neering Co., Ltd., Coventry, England. 


Epwarp Spurr, consulting engineer, Yorkshire, England. 


PeRcIVAL J. TayLor, proprietor, P. J. Taylor & Co., Sydney, Australia. 


Anastasio L. Troporo, associate professor and head of 
engineering dept., University of 
guna, P. I. 


agricultural 
Philippines, Agricultural College, La 


Ernst VALENTIN, Berlin, Germany. 
G. H. Varuines, formerly of Vallings & Wadham, Ltd., Devon, Eng- 
land. 


Wittiam Werner, Auto Union A-G, Saxony, Germany. 


OTHMAR 
Austria. 


WINDBERGER, director, 


Steyr-Daimler-Puch. A.G., Steyr, 


Frieprich Wirre, reichsbahnrat, German Railroad Co., Berlin, Ger- 
many. 


ARTHUR P. YounG, manager, Rugby works, British Thomson-Houston 
Co., Ltd., Rugby, Warwickshire, England. 


Domestic Material Included 


Additional interest was added to the International Exhibit 
by a display of old prints, books, and magazines showing 
some byways in the early history of the automobile and avia- 
tion industries. Availability was the necessary governing fac- 
tor in the choice of this material. No complete showing was 
striven for; interest of the particular material being regarded 
as its justification. Those who contributed to this portion of 
the exhibit were: 


Capt. R. W. A. Brewer, consulting engineer, Jenkintown, 
Pa.: Selections from an extensive collection of old prints, 
books, etc., associated with famous persons and events in the 
early history of automobiles and aviation. 


Cuarces E. Duryea, pioneer automobile builder, Philadel- 
phia: Selections from a famous collection covering the devel 
opment and invention of the automobile from the beginnings 
in history. 


Pepro G. Satom, Philadelphia: Material illustrating Mr. 
Salom’s receipt of the “Times-Herald” Medal, and the John 
Scott Medal of the Franklin Institute for designing the Morris 
Electrobat, an electric vehicle which won the “Times-Herald” 
Medal in 1895. 
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Miss Eveanor A ten, Philadelphia: First editions of books 
and other material associated with famous persons and events 
in the progress of aviation. 


JuttaAN Crass, directing editor, The Chilton Co., Philadel- 
phia: Early publications and books from the library of the 
Chilton Co. and from Mr. Chase’s personal collection. 


P. M. He pr, engineering editor, Automotive Industries, 
Philadelphia: Early editions of “The Gasoline Automobile,” 
the first comprehensive text book in English on automotive 
design. 


Puivip H. Smitn, Pawling, N. Y.: Editorial excerpts from 
an authoritative collection illustrating economic aspects of the 
automobile industry. 


WituiamM H. A ten, bookseller, Philadelphia: Early text 
books in aviation. 


THe Nationat Grocrapuic Society, Washington, D. C.: 
List of publications illustrating the contributions of automo- 
biles and airplanes to exploration. 


Rosert E. Woop, advertising manager, The Autocar Co., 
Ardmore, Pa.: Pictures of early trucks, etc. 


MEETINGS CALENDAR 


S.A.E. General Meetings for 1935 


Production Meeting 
Sept. 18 & 19 


Hotel Statler, Cleveland 


Transportation Meeting 
Oct. 10 


Palmer House, Chicago 


Tractor and Industrial Power Meeting 
Oct. 10 & 1] 


Palmer House, Chicago 


S.A.E. Annual Dinner 
Nov. 4 
New York City 


Next Annual Meeting in Detroit, January, 
1936. 


Exact dates to be announced later. 
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The CAS well prove how 
| a4 


TO CHOOSE A PONTIAC 





PONTIAC 


c Suibue head. SIXES AND EIGHTS 





A General Motors Value 


E ARE naturally proud that America has christened the Silver 

Streak Pontiac the most beautiful thing on wheels. We are 
happy to hear owners declare that extraordinary smoothness, quiet- 
ness and liveliness make it even better than it looks. 

But our greatest satisfaction comes from a fact that you, as a 
Pontiac owner, will be years in discovering. The Pontiac is built 
throughout to stand out through sheer ability to stand up. 

Let us cite a few examples. Pontiac uses silver-alloy bearings— 
twice as durable as the ordinary kind. Pontiac’s Fisher bodies have 
a solid steel top welded to steel sides—a construction as durable as 
it is safe. Pontiac’s brakes and chassis are completely sealed— 
neither rust nor dirt can injure vital parts. In short, every Pontiac 
feature is the finest money can buy. Trust the judgment of your eyes 

' Listpricesat Pontiac. Michi. PUY @ Pontiac. Each year of 
5615 gan, begin at $615 for the ownership will emphasize anew the 
Six and $730 for the Eight 
(subject to change without: Wisdom of your choice. 


notice). Standard group of accessories extra. 


Available on easy G. M. A C. Time Payments. PONTIAC MOTOR COMPANY, PONTIAC, MICH, 
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TT al r 0” 
STURAC 


ee kK kk 
GEAR no CHASSIS LUBRICANTS 


TRANSPORTATION 
ERGINEER 








KEEN TRANSPORTATION 
ENGINEERS SAY: 


As an 
u , u 
Insurance Policy 


Only.... 


the changing to a high-class ‘'FULL- 
EP" gear lubricant is unquestionably 
justified. 





Use genuine "STURACO" exclu- 
sively for 90 days and note decline 
in gear and bearing failures. 


Wire or Write Today! 


“STURACO” £E.P. LUBRICANTS 
ARE THE ORIGINAL DEVELOPMENT OF 


D.A. STUART & co. 
ESTABLISHED I865 


GENERAL OFFICES, 2727-2753 SO. TROY ST. CHICAGO, U.S.A. 
BRANCHES IN PRINCIPAL CITIES 





Notes and Reviews 


HESE items, which are prepared by the Research 

Department, give brief descriptions of technical 
books and articles on automotive subjects. As a 
rule no attempt is made to give an exhaustive review, 
the purpose being to indicate what of special interest 
to the automotive industry has been published. 

The letters and numbers in brackets following the 
titles classify the articles into the following divisions 
and subdivisions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, Engines; F, High- 
ways; G, Material; H, Miscellaneous; I, Motorboat; 
J, Motorcoach; K, Motor-Truck; L, Passenger Car; 
M, Tractor. Subdivisions—1, Design and Research; 
2, Maintenance and Service; 3, Miscellaneous; 4, 
Operation; 5, Production; 6, Sales. 


AIRCRAFT 


Improved Airplane Windshields to Provide Vision in Stormy 
Weather 

By William C. Clay. N.A.C.A. Report No. 498, 1934; 19 pp., illus- 
trated. Price, 10 cents. [ A-1] 


Wind-Tunnel Research Comparing Lateral Control Devices Par- 
ticularly at High Angles of Attack—XIII-Auxiliary Airfoils 
Used as External Ailerons 

By Fred E. Weick and Richard W. Noyes. N.A.C.A. Report No. 


510, 1935; 32 pp., illustrated. Price, 10 cents. [A-1] 


Experimental Investigation of the Robinson-Type Cup Anemom- 
eter 

By M. J. Brevoort and U. T. Joyner. N.A.C.A. Report No. 513, 
1935; 24 pp., illustrated. Price, 10 cents. [ A-1] 


Full-Scale Wind-Tunnel Tests of a PCA-2 Autogiro Rotor 


By John B. Wheatley and Manley J. Hood. N.A.C.A. Report No. 
515, 1935; 10 pp., with tables and charts. Price, 5 cents. A-1] 


Potential Flow About Elongated Bodies of Revolution 
By Carl Kaplan. N.A.C.A. Report No. 516, 1935; 20 pp., with 
tables and charts. Price, 10 cents. { A-1] 


Flight Investigation of Lateral Control Devices for Use With 
Full-Span Flaps 

By Hi. A. Soulé and W. H. McAvoy. N.A.C.A. Report No. 517, 
1935; 11 pp., illustrated. Price, 10 cents. A-1] 


Strength Tests of Thin-Walled Duralumin Cylinders of Elliptic 
Section 
By Eugene E. Lundquist and Walter F. Burke. N.A.C.A. Technical 


Note No. 527, May, 1935; 23 pp., 11 figs. A-1] 


Wind-Tunnel Tests of a Cyclogiro Rotor 


By John B. Wheatley and Ray Windler. N.A.C.A. Technical Note. 
No. 528, May, 1935; I1 pp., 19 figs. A-1] 


Analysis of a Strut With a Single Elastic Support in the Span, 
With Applications to the Design of Airplane Jury-Strut Systems: 


Part I—Derivation of Formulas 
By A. W. Murray Schwartz. 

Part II—Experimental Investigation of Formulas 
By Reid Bogert. N.A.C.A. Technical Note. No. 529, May, 19353 
pp., 28 figs. [ A-1] 


Bending Stresses Due to Torsion in Cantilever Box Beams 
By Paul Kuhn N.A.C.A. Technical Note No. 530, June, 1935; 
17 pp., 10 figs [ A-1] 


Buckling and Failure of Thin Rectangular Plates in Compression 

By Mineo Yamamoto and Kazuo Kondo. Report No. 119 of the 
Aeronautical Research Institute, Tokyo Imperial University; April, 1935; 
22 pp., with tables and charts. [A-1] 


Further Studies on the Effect of the Ground Upon the Lift of a 
Monoplane Aerofoil 


3y Susumu Tomotika. Report No. 120 of the Royal Aeronautical 
Research Institute, Tokyo Imperial University; April, 1935; 20 PP» 
with tables and charts. [A-1] 


(Continued on page 78) 
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A QUARTER CENTURY of 
INTERCHANGEABILITY 
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ii I the years since NORMA-HOFFMANN Ball Bearings were 
it] Foduced, PRECISION has been their distinguishing feature. 
lliptic “we are often asked —"has this PRECISION been unvarying, 
these years?” 
ctual test of the INTERCHANGEABILITY maintained in day- 
day, year-after-year NORMA-HOFFMANN production would (we 
» Believed) give a convincing answer to the question—since, in the 
bearing world, INTERCHANGEABILITY of parts cannot be realized un- 
“less PRECISION is maintained. 
_ So we secured a number of stock NORMA-HOFFMANN Open Type 
Ball Bearings —some made almost 25 years ago, others at intervals 
since. These we dis-assembled and “mixed up”— interchanged inner 
rings, cages with balls, and outer rings —and reassembled them into com- 
plete bearings which were then subjected to our rigid PRECISION tests. N O RMA pi x 
In every case, we found the reassembled unit to be a true NORMA- 


| HOFFMANN PRECISION Ball Bearing, with internal accuracy unchanged PRECISION : B : 


ession | and in every respect conforming to our exacting standards. 
ot the 


, 19353 This is NORMA-HOFFMANN PRECISION—not new or variable or 
A-1] “special"—but a time-tested, inflexible standard of quality. This BALL - * ROLLER 
t of a PRECISION is YOUR assurance of bearing speed-ability and service- for 


_ ability—YOUR safeguard against bearing troubles. EVERY LOAD, as AND DUI 


hnical 


yautical 


np 
PP» 


{At | NORMA-HOFFMANN BEARINGS CORPORATION, STAMFORD, CONN.., U. S. A. 
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W hom 


Has been furnishing the felt requirements 
of the automotive industry during the 30 
years of the S.A.E.’s existence P 


Has the largest supply depots? 
Has the greatest number of warehouses 
located in strategic points to serve the in- 


dustry P 


Has Cutting Plants in Detroit and Con- 
necticut P 


Has pioneered the use of S.A.E. felt stand- 
ards, with a consequent saving to the in- 
dustry of many dollars? 


There is only one answer- 


American Felt poms 
Company 


TRADE MARK 


GENERAL OFFICE 


New York: 315 Fourth Avenue 
Boston 


Chicago 
Cleveiand St. Louis 


Detroit Philadelphia 


San Francisco Los Angeles 
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A New Form of Biplane 


B. H. B. Irving. Published in Azrcraft Engineering, June, 1935, 
p. 133. [ A-1] 

This article contains results of experiments made in the Aero- 
dynamic Department of the National Physical Laboratory 
tion with Messrs. A. S. Batson and A. G. Gadd. 

The author states that the outstanding property of the biplane de- 
scribed, as determined from model tests, is stability in roll up to angles 
of incidence in excess of 40 deg. This is achieved without any addi- 
tional mechanism or parts, simply by the form and disposition of the 
wings. Maximum lift is slightly increased and there are minor ad- 
vantages as regards coming in to land, aileron control and spinning. 


in collabora- 


The Bending of Beams with Thin Tension Flanges 


By Placido Cicala. Translated from Atti della Reale Accademia Delle 
} 


Scienze di Torino, Vol. 69, 1933-1934. N.A.C.A. Technical Memoran- 
dum No. 769, March, 1935; 13 pp., 4 figs. [ A-1] 


Hydrodynamic Tests of Models of Seaplane Floats 


By Antonio Eula. Translated from L’Aerotecnica, Vol. XIV, Nos. 


9, August-September, 1934. N.A.C.A. Technical Memorandum No. 
770, May, 1935; 8 pp., 38 figs. [ A-1} 


g- 


Thirty Years of Theoretical and Experimental Research in Fluid 
Mechanics 


By Dimitri P. Riabouchinsky. 


Published in The Journal of The Royai 
Aeronautical Society, 


April and May, 1935, p. 282 and 377 respectively. 
[A-1] 
This account consists of four chapters: (a) a description of the 
Aerodynamic Institute of Koutchino, its foundation and organization; 
(b) researches pursued during the period from 1904 to 1909, when the 
Aerodynamic Institute of Koutchino appears to have been the onl 
large laboratory specially constructed and fitted for the purpose of 
systematic research on the scientific bases of aviation; (c) researches 
carried on in 1910-1918 during which the Institute worked on a 
parallel with other aerodynamic laboratories, some of which were 
equipped on a larger scale; and (d) the period from 1919 to 
when the author was working outside his own country 
scientific work at the Paris University. 


1934 


, continuing his 


Turbulence Near the Ground 


By Wilhelm Schmidt. Published in The Journal of The Royai 
leronautical Society, May, 1935, Pp. 355. A 


2 


-1] 
The author describes the means for measuring turbulent motion in 
open air, his researches involving extensive observational and _ statistical 
work. This article treats motion of the lowest layers of the atmosphere 
the results therefore being of immediate application for landing con- 
ditions of airplanes or for construction of various types. Possible fur- 
ther use of these data in predicting movement in higher lavers 1s 
indicated. 


Analysis of 2-Spar Cantilever Wings with Special Reference to 
Torsion and Load Transference 


By Paul Kuhn. N.A.C.A. Report No. 508, 5 


1935; 23 pp., with tables 
and charts. Price, 10 cents. [ A-1]} 


L’Etat Actuel de l’Aviation en France et a l’Etranger 
By P. Grimault. Published in La Technique Moderne, April 1, 1935, 
Supplement, p. 1. \-1| 


} 1 
Selecting speed increase as the common factor of aircraft design devel- 


opment everywhere, the author discusses the general research and specihe 
design features contributing to this aim. He examines the 
which provide for and the consequences imposed by such 


conditions 


speed increases. 


Decrease in drag is said to be the most promising present expedient 
for speed increase, and design features effecting such drag decrease are 
discussed under the headings of wing profile, shape and size of aircraft, 
ind general architectural arrangement. Of these three, the last is said 
to provide the most tertile field. High structural stress and vibration 
are discussed as consequences imposed by speed, and brief treatment 1s 
given high-lift wings and variable-pitch propellers. 


ENGINES 

The Effect of Baffles on the Temperature Distribution and Heat- 
Transfer Coefficients of Finned Cylinders 

By Oscar W. Schey and Vern G. Rollin. N.A.C.A. Report No 


1934; 13 pp., 


511, 


illustrated. Price, 10 cents [E-1] 


(Continued on page 8o) 
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TUNG-SOL 


auto lamp bulbs 
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the every socket SN 
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Awep by the confidence placed in the TUNG-SOL organization by the 
I | = si 
de | automotive engineers of America during more than a quarter-century of co-operation, 
ecin 
cane we have been able, not only to keep pace with the industry, but to develop 


or contribute to many of the major improvements in automobile lighting. 


: TUNG-SOL 


| AUTO LAMP BULBS 


TUNG-SOL LAMP WORKS, INC. 
GENERAL OFFICE: NEWARK, WN. J. 


SALES OFFICES: Atlanta Boston Charlotte Cleveland Chicago Da‘las Detroit Kansas City Los Angeles New York Philadelphia Rochester 
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Some Factors Affecting Combustion in an Internal-Combustion 
Engine 


‘eM ery By A. M. Rothrock and Mildred Cohn. N.A.C.A. Report No. 512, 


ea! 1934; 17 pp., illustrated. Price, 10 cents. [E-1] 
JS-Diagrams for Combustion Gases of Rich Mixture 
By Keikicht Tanaka and Seiichi Awano. Report No. 118 of the 
Aeronautical Research Institute, Tokyo Imperial University; March, 1935; 
é 34 pp., 12 diagrams. E-1] 
The Functions of the Exhaust Valve 


By R. J. Cousins. Published in 4ircraft Engineering, May, 5, p 


ENGINEERS a“ iE] 


Believing that an important point has hitherto been practically over- 
looked, the author describes his attempts to find a rational method of 


i determining the size, lift and timing of the exhaust valve in relation 


to the engine displacement and speed. 


Technique de la Lubrification 


By Jean Dintilhac. Published in Journal de la Soctété des Ingénieurs 


AUTOMOTIVE | ™ ime ime én 


The author, developer of a commercial Continental motor oil and a 
lubricant authority respected in England as well as in his own country, 


+ y discusses the lubrication of plane and cylindrical surfaces both theoreticall 
i | B and from certain practical angles illuminated by his own researches. 
Friction, together with the corollary questions of heat generation and 


dissipation, and security of operation with especial reference to the ef- 


fect of pressure are the theoretical topics. Oil consumption as affected 
ATe by piston design and journal bearing lubrication are specifically and 
practically discussed. A specially designed machine for measuring and 
analvzing the various elements making up the total of bearing friction 


is described and results obtained in experiments with it are reported. 


cordially aiaitiindl 


L’Automaticité dans le Fonctionnement du Moteur 


By Henri Petit. Published in La Vie Automobile, April 25, 1935, p. 


139. E-1] 
“ 
to cOousu [it WL th The development of devices designed to achieve the automatic 


opera- 
tion of automotive engines 1s reviewed historically and current commer- 


cial devices of this type are described. Such devices are found in sys- 
tems of fuel feeding, carburetion, starting, ignition, safety 


precautions, 
lubrication and cooling. 


the eugtueetws 


( A companion article deals similarly with transmissions. 





Neue Forschungen iiber die Vorgange in der Luftspeicher-Diesel- 
maschine 


By Dr.-Ing. Klaften. Published in Automobiltechnische Zeitschrift 
>r 1 March 25, 1935, p. 142. E-1] 
Observations on tl i 


he origin of ignition and the course of subsequent 
flame propagation in a Suddeutsche Bremse Diesel, made by means of 


ionization gaps and a cathoderay oscillograph, are here reported. They 


bd e are discussed in connection with a previous investigation by means of 
tu [ 1€ SCOLULLOUNU 64 a Farnboro indicator on 


a Lanova Diesel, and other research elsewhere 
reported. ‘They are intended to clarify the difference in the course of 
combustion in a Diesel in which the injection nozzle dscharges into an 


i air chamber directly connected with the cylinder and in a pre-combus- 
on <« ber tvpe Diesel 
f 1é yee ILems f Ley tion chamber type Di : 
¢ 


Ubersicht iiber den Heutigen Stand Niedrig Verdichtender Ein- 


spritzmotoren mit Fremdzindung 
/ od By R. Dull. Published in Automobiltechnische Zeitschrift, March 25, 
tdve lH COmMmmeeu p. 158; April 10, p. 175; April 25, 1935, p. 203. E-1 
\ review is presented of the present state of low-compression, injection 
* engines using ignition means. Designs are described and operating 
results reported Test results obtained from an experimental single- 


vo-stroke cycle engine developed by the author are given and 
the conclusion drawn that 


} 
viinder t 


the low-compression injection engine because 
conomy at part load and its ability to use low-volatility fuel 


cel more favorable consideration in the near future. 





Der Lastwagen-Dieselmotoren-Wettbewerb 1934 in Russland 


By W. Pohlenz. Published in Automobiltechnische Zeitschrift, April 


TRENTON, NEW JERSEY 25» 1935s P. 197 [E-1] 


To discover what type of Diesel is best suited to Russian operating 
conditions, a competition for truck and tractor Diesels was staged 1n 
D akets oC that country from July to October, 1934. The 


4, results, which have only 


recently been announced, are here reported, as well as the test methods 
BRAKE LININGS .. CLUTCH FACINGS .. FAN and the design specifications of the 24 contestants. Operating charac- 
BELTS . . RADIATOR HOSE. . BELTING . . PACK- teristics tested wer economy; reliability and durability; ease of start- 
ING .. TUBING . . UNIVERSAL JOINT DISCS ing; adaptability to Russian chassis; mean effective pressure and crank- 
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@ Will these children react 
alike under identical cir- 
cumstances? Your guess 
is as good as any. Human 
behavior is not predictable 
with any degree of certainty. 


CARNEGIE 
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Fortunately, there is no need to guess about the behavior of 
Carnegie Controlled Steels for forging, heat treating, form- 
ing and machining. Users know that each shipment will re- 
spond in the same satisfactory manner as the last. Through 
close supervision of our manufacturing processes, we make 


it possible for you to obtain consistent results from yours. 


CARNEGIE STEEL COMPANY « PITTSBURGH 
Pacific Coast Representatives: COLUMBIA STEEL COMPANY ° San Francisco 
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Washers 






combine. 
Spring 
Tension 
with 
|Positive 
Locking 


© A nut set down on an Everlock Washer stays set down — 
vibration cannot shake it loose. Furthermore, units of the 
work are held so firmly under a powerful spring tension that 
there can be no rattling or vibration between parts. 


The formed tongue principle of design used in Everlock 
Washers accomplishes this dual performance. As the nut is 
set down, the sharp projecting edges of the tongues con- 
tact both the nut and the work. They bite in as additional 
pressure flexes each tongue. 


These pictures from unre- 
touched photographs show 
how Everlock Washers bite 
in and hold. In “before 
setting down” note how the 
sharp projecting edges 
contact both the nut and 
the work. 





Before setting down 


In “after setting down” 
note how these edges 
have actually dug in, so 
vibration cannot shake 
them loose. 





After setting down 


The spring tension set up by flexing the tongues keeps 
these locking edges firmly embedded. Due to the many 
tongues, a powerful tension is developed that holds the 


parts firmly in place. 
fia s 


You can easily check the supe- 
rior performance of Everlock 
Washers on your own work. 
Samples for testing sent FREE 
on REQUEST— just specify the 
sizes you want. 






Thompson - Bremer & Co. 


1640-C West Austin Avenue ~- Chicago, Illinois 
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Der Druckverlauf im Zylinder eines Zweitakt-Dieselmotors wahr- 
end der Spilperiode 


By A. Schitte. Published in Automobiltechnische Zeitschrift, March 
25, 1935, p. 146. E-4] 

An exact but lengthy method of calculating the pressure in a two- 
troke cycle Diese! during the scavenging period is developed, as well 
as a simplification of it by which approximate but satisfactory results 
may be obtained. Values obtained from both methods are compared 
with test findings. 
Ferrous Metallurgy in Aeronautics 

By W. H. Hatfield. Published in Asrcraft Engineering, May, 1935, 
p. I13. G-1} 

\ complete survey of the qualities and characteristics ef modern steels 
for aero work. 


Motor Fuel Volatility Trend on the Atlantic Coast 
By A. E. Becker and A. D. Bauer. Paper presented betore the four- 
teenth annual meeting of the Natural Gasoline 
Published in The Oil and Gas Journal, May 9, 
Because of the 
volatility 


America. 
G-1} 


fuel 
motor- 


\ssociation of 
1935, p- 05- 

considerable about the trend in 
Bureau of Mines 
discontinued, the authors have endeavored in this 
paper to bring the picture up to date so far as the Atlantic Coast of the 
United States 1: 


discussion 
when _ the 


motor 


since 1931 senmi-annual 


gasoline surveys were 


concerned 


More Volatile Motor Fuels Could be Used to Advantage 
Compiled from notes 


taken on preliminary report made by Dr. G. G. 
Brown at the fourteenth annual convention of the Natural Gasoline 


Association of America. Published in The Oil and Gas Journal, May 
9, 1935, p. 13, and National Petroleum News, May 8%, 1935, p. 24-A. 
G-1} 

These notes cover Dr. Brown's report on a research project being 
conducted under his direction at the University of Michigan for the 


Natural 
of fuels of 


Gasoline Association to determine the 


] 


advantages in the use 
high 


volatility in motors designed to make the best pos- 
sible use of such fuels, and to determine what changes if any are 
necessary in the engines themselves in order to obtain full benefit of 
the potential value inherent in fuels of high volatility. 


Engine Tests of Gasoline and Diesel Fuel 


By R. Stansfield. Published in the Journal of the Institution of 
Petroleum Technologists, May, 1935, Pp. 428 G-1} 
This article constitutes a brief review of progress in fuel testing dur- 


ing the past vear and deals in particular with the work of the Coopera- 
tive Fuel Research Committee in which the 


Tec hnologists has Ccoope rated. 


Institution of Petroleum 


Fuel Specifications for High-Speed Diesel Engines 


By G. C. Wilson. Paper presented at Fifth Mid-Year Meeting, Amer- 
ican Petroleum Institute, Tulsa, Oklahoma, May 16, 1935 G-1]| 
The various items included in specifications are discussed briefly. 


The 
are emphasized 
fications. as 


importance of ignition quality and its 
Units of it 


used by 


effect on engine 
defined. Ty 
refiners, and 


show the 


operation 


measurement are pical speci- 


various engine builders, )perators 


have been grouped in tabular form to spread in present 


limitations. 


Service Characteristics of Motor Oils as Related to Composition 


By David R. Merrill, C. C. Moore, Jr., and Ulric B. Bray. Paper 
presented at Fifth Mid-Year Meeting, American Petroleum Institute, 
Tulsa, Oklahoma, May 16, 1935. [|G-1] 


By means of solvent fractionation, it has been possible to separate 
ubricating oil into typical classes of components characterized by - 
lut tin; | into typical cl f components cl terized by dif 
ferent physical and chemical 


the performance 


properties. The authors report studies of 
characteristics of these components with particular at- 
wear (b) sludge formation and other results of crank- 
case oxidation and (c) carbon deposition as affecting the octane require- 
ment of the engine. 

From these re 


tention to (a) 


ults, it is concluded that, in order to produce oils giv- 
and sludge formation and also low carbon deposition, it 
e to remove not only all components of low API gravity, but 


paraffinic 


ing low wear 
1S de sirabl 
also the 


components of highest boiling point. 


Stadtgas als Treibmittel fur Kommunalfahrzeuge 


By Ernest Manlik. Published in Automobiltechnische Zeitschrift, May 
10, 1935, Pp. 231. G-1} 
In this investigation of the feasibility of the use of illuminating gas 


s motor fuel, laboratory tests determined gas consumption as compared 


(Concluded on 


page 54) 
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LHE method of lift- 
ing a car to remove a wheel was 
revolutionized almost over night by 
the introduction of the Ryerson and 
Haynes STAND-UP JACK. It is now 
standard equipment with one of the 
largest producers of automobiles in 
the country. 


And through intensive advertising, 
owners of other cars are being edu- 
cated that they need no longer crawl 
under their cars to place a jack in 
position when changing tires. They 
have been most enthusiastic in their 
acceptance of this modern aid to motoring. 


Our engineers are now cooperating closely with 
many other motor car manufacturers who see, 
in this new STAND-UP JACK, the correct solu- 
tion to the annoying problem faced by their 
owners when changing tires. We would like to 
work with your Engineering Department, too, 
and to supply them with sample STAND-UP 


JACKS especially designed to fit your individual 
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Me Sotedliim 


requirements. And to quote you prices that will 
meet with the enthusiastic approval of your 
Purchasing Department, for our modern equip- 
ment enables us to handle any demand for 


volume production in an economical and efficient 
manner. 


Your Sales Department will capitalize fully on 
the advantages of having an R.H. STAND-UP 
JACK in the tool kit. 


Ryerson and Haynes Metal Tire Covers, stain- 
less Steel Mouldings and other Production 
Assemblies are used as Standard Equipment 
by many leading motor car manufacturers... 
Your inquiries are invited. 


RYERSON & HAYNES, INC. 


Jackson, Mich. 


2-239 G. M. Bldg., Detroit, Mich. 






















































DEPENDABILITY 


Schrader Products—Tire Valves—lInflation Devices— 
and Tire Gauges, have proven and are proving their 


throughout the world. 
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with liquid fuel consumption at normal and high compression and 
developed the most suitable type of operating apparatus for the use 
of gas as fuel. Observations were also made of practical operation of 
motor-trucks over several months. Conclusions are drawn as to the 
relative price levels of gas and liquid fuel required to justify the use 
of the former. 


| Gegenwartige und Mogliche Kinftige Entwicklung der Motor- 


SCHRADER 


dependability in service on every highway and byway 





In the last 35 years, motor cars and motor vehicles— 
more than 55 million of them—have travelled billions 
of miles equipped and re-equipped with Schrader Tire- 
Saving Products. 





Airplanes, bicycles, busses, motor cars, motorcycles, 
tractors, trucks, and even toys, have been made safer 
and more comfortable with Schrader-sealed pneumatic 
tires. Today, practically every car or pneumatic tired 
vehicle in America uses some Schrader Tire-Saving 
Product. 


We welcome the opportunity of cooperating with you | 
in solving your air control problems. The most modern 
development, production, distribution and service 
facilities are at your command. 


A. SCHRADER’S SON 


Division of Scovill Manufacturing Company, Incorporated 


BROOKLYN, N. Y. | 


Schrader 


REG. VU. S. PAT. OFF, } 





Tire Saving Valves, Caps and Gauges 





ischen Verbrennung 


By Wa. Ostwald. Published in Automobiltechnische Zeitschrift, April 
25, 1935, p. 208. [G-1} 

That German domestic fuels, lignite and coal, be used in automotive 
engines in more nearly their natural form instead of in a profoundly 
changed state resembling petroleum products is the plea of the author. 
He explores the subject theoretically, suggesting how engine design 
may be adapted to the combustion processes of the German fuels, and 
urges that practical development follow this path, so that Germany may 
be more nearly self-contained as to its engine fuel. 


MISCELLANEOUS 


The Elements of Motor Vehicle Design 


By C. T. B. Donkin. Published by Oxford University Press, London, 
Second Edition, 1935; 289 pp., illustrated. {H-1] 


This book is primarily intended for the use of designers, draftsmen 
and students, applying the fundamental laws of Mechanics to the 
problems that arise in the designing of motor vehicles. 

The chapter on gearing has been brought into line with recent ad- 
vances in current practice and that on brakes radically altered in con- 
formity with modern conditions, the author states, adding that con- 
siderable explanatory matter has been added where experience has shown 
it to be necessary. 


PASSENGER CAR 


La Resistance de I|’Aair et l’ Automobile 


By Jean Andreau. Published in Journal de la Société des Ingénieurs 
de l’Automobile, January, 1935, Pp. 34. [L-1] 


Supplementing a previous paper dealing with immediate, practical 
streamlining expedients the author contests the views that air re- 
sistance is of minor importance at speeds below 60 m.p.h. and that a 
car cannot be designed to operate at its maximum aerodynamic ef- 
ficiency at all speeds. Geometric forms affording correct streamlining 
may, he says, vary within wide limits. 

Lift, ground effect, frontal area, the interaction of various vehicle 
elements and center of pressure are discussed to show the basis for 
the design of a streamlined model. According to tests here reported, 
this model has 80 per cent less air resistance and twice the stability 
of the corresponding current commercial design. Results of tests on 
other models representing one to 5- passenge r vehicles are reported. Dee 
signers are urged to look to streamlined forms in nature for inspiration. 


| Arbeit am Detail 


Published in Automobiltechnische Zeitschrift, April 25, 1935, p. 191. 

[L-1] 

A number of selected design features of the new German cars are 

described to exemplify the author’s thesis that during this period, in 

which the German automotive industry is digesting its recent radical 

innovations, the urge toward progress is being manifested in the 
perfecting of details. 


Praktische Stromungsforschung an Kraftfahzeugen 


By Max Schirmer. Published in Automobiltechnische Zeitschrift, April 
10, 1935, p. 176. [L-1} 


Illustrating his discussion with specific examples, the author cites 
the pitfalls to be avoided and the rules to be followed in investigating 
the air resistance of streamlined cars. The streamlining of racing cars 
and the stability of streamlined vehicles are briefly treated. 


| Patentlage fiir Fahraufbauten als Korper Kleinsten Luftwider- 


standes 


Published in Automobiltechnische Zeitschrift, April 10, 1935, p. 182. 
[L-1] 


A survey of German patents on streamlined vehicles is here given. 
No special classification for this topic is made in the German patent 
department, so that an extensive search was required to discover the 
patent claims here quoted, the first of which dates back to 1913. 





